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LATHYRISM AND ODORATISM 


Lathyrism in man is a type of paralysis 
induced by long-continued consumption of 
large amounts (one third to one half of the 
total diet, or more) of lathyrus peas, notably 
Lathyrus sativus (chickling vetch), L. cicera 
(flat-podded vetch), or L. clymenum (Spanish 
vetchling). These legumes grow vigorously 
even under rather unfavorable conditions, 
and are habitually eaten by large populations 
in India and Algeria, and less commonly in 
France, Italy, Spain and other countries. Ex- 
cessive consumption, as in periods of famine 
or when cereals are high-priced, has fre- 
quently been followed by severe epidemics of 
lathyrism, especially in India. T. C. M. Young 
(Indian J. Med. Res. 15, 453 (1927)) made 
field studies of several Indian villages where 
lathyrism was common and found about 7 
per cent of the population to be suffering from 
the disease. 

Odoratism, as will be discussed later, is an 
illness affecting primarily the mesenchymal 
tissues and is caused by a specific chemical 
compound that has been isolated from L. 
odoratus. 

R. Stockman (J. Pharmacol. Exp. Therap. 
37, 43 (1929)) described the symptoms of 
lathyrism in man as follows: “‘.. . the victim 
suddenly feels the legs and loins weak and 
heavy, the muscles are tremulous when weight 
is put on them, there is dragging of the legs, 
increased reflexes, and more or less inability 
to walk. This may go on to a further stage of 
extreme spasticity and rigidity of the leg 
muscles, the gait becomes jerky with short 
steps taken on the balls of the feet and with 
the knees slightly flexed .. . Tingling, formi- 
cation [paresthesia resembling sensation of 
ants crawling on the skin], lightning pains, 
pains around the waist, diminution of tactile 
sensation, complete loss of sensation to heat 
and pain, and marked muscular wasting have 





been observed.”’ Young adult males are more 
frequently afflicted than other members of 
the community. 

A syndrome resembling human lathyrism 
has been produced in animals, particularly 
monkeys, by feeding mature seeds of the 
above lathyrus species or aqueous extracts of 
them. The symptoms observed (paralysis, 
muscle spasms and convulsive seizures) have 
generally been attributed to an effect on the 
central nervous system, and this conclusion 
has been supported by definite postmortem 
evidence of brain and spinal cord damage 
(R. Stockman, J. Hyg. 31, 550 (1931)). How- 
ever, there is a great variation among animal 
species in their susceptibility to poisoning of 
this type. Horses, for example, are said to be 
particularly susceptible, whereas rats have 
been fed for periods of two to four months on 
diets consisting exclusively of L. sativus, 
cicera, or clymenum seeds without apparent 
ill effects other than rather slow growth 
(S. Visco, Arch. farm. sper. 35, 39 (1923); 37, 
1, 269 (1924); Chem. Abstr. 17, 1983 (1923); 
18, 1345, 2544 (1924)). 

Various explanations of the cause of 
human lathyrism have been advanced, but 
most of them have been discredited by later 
workers. Thus, early reports that the toxicity 
was caused by divicine, phytates, or by lack 
of vitamin A or B-vitamins have been shown 
to be untenable (B. J. Geiger, H. Steenbock, 
and H. T. Parsons, J. Nutrition 6, 427 (1933); 
H. B. Lewis et al., Ibid. 36, 537 (1948); 
J. G. Lee, Ibid. 40, 587 (1950)). Spanish 
workers believe a virus infection, perhaps in 
conjunction with generally poor nutrition, is 
responsible for lathyrism in man (B. Rodri- 
guez-Arias, Med. Clin. (Barcelona) 15, 370 
(1950)), and M. N. Rudra (Nature 170, 124 
(1952)) claims that selenium is the toxic 
agent. Neither of these claims can be re- 
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garded as well established, and it appears 
that the etiology of human lathyrism remains 
to be elucidated. 

In marked contrast to the above work, 
Geiger, Steenbock, and Parsons (loc. cit.) 
produced definite toxicity symptoms in rats 
by feeding the seeds of another kind of lathy- 
rus peas, viz., L. odoratus, the common flower- 
ing sweet pea. The animals survived for long 
periods on diets containing up to 50 per cent 
of odoratus meal without exhibiting typical 
lathyrism symptoms indicative of central 
nervous system damage. Instead, an extreme 
abnormality of the skeleton, including ky- 
phosis, scoliosis, increased shaft diameter, 
exostoses of the long bones, rib cage deformity, 
and generalized osteoporosis constituted the 
most characteristic features of the syndrome. 
In addition, many of the animals developed 
hernias, a condition otherwise rare in rats. 
Later workers have confirmed these results 
and have found further that L. hirsutus 
(Caley pea), L. pusillus (Singletary pea) and 
L. tingitanus all produce essentially this same 
condition in rats (Lewis et al., loc. cit., Lee, 
loc. cit.). Occurrence of a paralysis of the 
hind limbs was variable in the affected ani- 
mals and could be explained adequately by 
mechanical injury to the spinal cord resulting 
from the vertebral column deformities. 

Since human lathyrism is predominantly 
associated with consumption of lathyrus 
species that are completely nontoxic to rats, 
and since the symptoms differ so markedly 
from those of the odoratus syndrome, it is 
unfortunate that the latter condition has 
been called lathyrism. F. Vivanco and C. 
Jiménez Diaz (Rev. clin. espav. 40, 157 
(1951); Chem. Abstr. 45, 9648 (1951)) sug- 
gested “‘odoratism”’ as a more appropriate 
term, and this suggestion is amply supported 
by recent findings. 

The next significant development in the 
study of lathyrus toxicity was the isolation 
by H. P. Dupuy and J. G. Lee (J. Am. 
Pharm. Assn. 48, 61 (1954)) of an active 
crystalline substance from Singletary peas. 
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This was followed by the isolation of a 
closely similar compound from L. odoratus 
(G. F. McKay, J. J. Lalich, E. D. Schilling, 
and F. M. Strong, Arch. Biochem. Biophys. 
62, 313 (1954)), which was characterized as 
beta-(N-gamma-.-glutamyl)-aminopropioni- 
trile (Schilling and Strong, J. Am. Chem. 
Soc. 76, 2848 (1954); TT, 2843 (1955)). 
Shortly after the announcement of this 
structure it was recognized at the same time 
by W. Dasler at Chicago (Science 120, 307 
(1954)), I. V. Ponseti and co-workers at 
Iowa City (S. Wawzonek, Ponseti, R. 8. 
Shepard, and L. G. Wiedenmann, Jbid. 121, 
63 (1955)), and the Wisconsin group that 
the gamma-glutamy] residue is not essential 
and that the active portion of the molecule 
is beta-aminopropionitrile (BAPN). 

When fed at about 0.1 to 0.2 per cent of 
the diet, BAPN fully reproduces the symp- 
toms of odoratism. These include not only 
the bony changes and hernias listed above 
but also reproductive failure (D. M. Turner, 
W. D. Salmon, and D. H. Copeland, 
Alabama Agr. Exp. Station, 54th and 55th 
Annual Reports, p. 18 (1944); F. W. Stamler, 
Fed. Proc. 14, 420 (1955)), dissecting 
aneurysm of the aorta (I. V. Ponseti and 
W. A. Baird, Am. J. Path. 28, 1059 
(1952); T. E. Bachhuber and J. J. Lalich, 
Arch. Path. 69, 247 (1955)), and degenera- 
tive arthritis (Wawzonek et al., loc. cit.). 
Thus mesenchymal tissues are primarily 
affected in odoratism, rather than nervous 
tissues as in lathyrism. Many of these con- 
ditions have obvious counterparts in clinical 
medicine, ‘and the close similarities noted in 
many cases have been emphasized particu- 
larly by the Iowa workers. Likewise, dis- 
secting aortic aneurysms have recently been 
observed in poultry under commercial con- 
ditions (B. J. McSherry, A. E. Ferguson, 
and J. Ballantyne, J. Am. Vet. Med. Assn. 
124, 279 (1954)). 

Whether such difficulties can be in any 
degree attributed to the presence of BAPN 
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or its derivatives in generally used foods or 
feeds is a matter for future investigation. A 
rapid and sensitive chemical method for 
determination of BAPN in biologic mate- 
rials, based on production of a green color 
with ninhydrin, has now been developed 
(J. T. Garbutt and F. M. Strong, Abstracts, 
Am. Chem. Soc., 128th meeting, Minneapolis, 
September 1955, p. 26a), and has been ap- 
plied to several species of mature legume 
seeds. The amounts found, expressed as milli- 
grams per cent of BAPN in the air-dried 
sample, were: L. odoratus, 58 to 160 (in five 
different varieties); L. pusillus, 62; and 
L. hirsutus, 21. No BAPN was found in 
L. sativus, cicera, latifolius, strictus, or 
splendens, or in a variety of other legume 
seeds, including soybeans, edible garden 
peas, Navy beans, cow peas, mung beans, 
velvet beans, Fava. beans, white lupine, 
hairy vetch, red clover, or alfalfa. BAPN 
is thus characteristically present in those 
lathyrus species that produce odoratism and 
absent from those that cause human 
lathyrism. 

Little information is available as to the 
mechanism by which BAPN produces its 
striking pathologic effects in animals. Of 
some 15 structurally related substances 
tested, only aminoacetonitrile and _ beta- 
mercaptoethylamine have shown activity 
comparable to that of BAPN. Slight bony 
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changes and considerable neurologic toxicity 
were produced by bis-(beta-cyanoethy]l)- 
amine. No significant protection has fol- 
lowed the feeding of BAPN with such 
supplements as choline, methionine, cystine, 
beta-alanine, pantothenic acid, or 
doxine. 

The study of experimental odoratism has 
thus led in the last few years to the discovery 
of a naturally occurring organic chemical 
substance which elicits profound pathologic 
changes in the mesenchymal tissues of higher 
animals. Such tissues, being metabolically 
less active than many others, have ap- 
parently aroused little interest among bio- 
chemists, and detailed knowledge of their 
metabolic activities is meager. However, 
mesenchymal tissues are the site of the 
degenerative diseases which are today in the 
forefront of medical and public health prob- 
lems. For the first time a chemical agent is 
now available with which closely analogous 
conditions can be produced in experimental 
animals. It would seem that further in- 
tensive study of the mechanism of BAPN 
action can hardly fail to roll back signifi- 
cantly the boundaries of ignorance in these 
areas. 


pyri- 


Fk. M. StTroNG 

Department of Biochemistry 
University of Wisconsin 
Madison 


DIET AND PLASMA CHOLESTEROL 


The recognition that atherosclerosis is 
characterized by lipid deposits, mainly 
cholesterol and its esters, in the walls of the 
arteries has led among other things to the 
hypothesis that this disease is related to 
chronic hypercholesterolemia. The compari- 
son of serum lipid levels, except perhaps for 
cholesterol, in subjects showing clinical evi- 
dences of atherosclerosis with those of ap- 
parently well subjects has not revealed a 
sufficiently regular difference to be of 





practical value in prognosis. It is probable, 
however, that in the population of the 
United States the so-called ‘‘normal” 
plasma cholesterol levels may be patho- 
logically high. 

A large number of studies have been 
carried out in which dietary manipulations 
have been used to produce blood cholesterol 
changes (Nutrition Reviews 8, 176, 34 
(1950); 9, 167 (1951); 10, 168 (1952); 11, 
72, 216, 231 (1953); 12, 25 (1954)). It has 
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been found that administration of cholesterol 
to the rabbit, chicken, hamster, guinea pig 
and Cebus monkey, and of thiouracil to the 
dog results in the production of arterial 
lesions which to some degree resemble the 
atheroma found in man. However, the extent 
of elevation of blood cholesterol is not 
always well correlated with the degree of 
atheromatosis (Ibid. 12, 220 (1954)), and 
the rat and the mouse have proven remark- 
ably resistant to the development of such 
lesions (Ibid. 18, 246 (1955)). Furthermore, 
a simple increase of the dietary cholesterol 
has little effect in increasing the blood 
cholesterol of human beings (A. Keys, Fed. 
Proc. 8, 523 (1949)). 

Recently, A. Keys et al. (Clin. Chemistry 
1, 34 (1955)) have assembled evidence show- 
ing that a correlation exists between diet 
and hypercholesterolemia in man. Three 
groups of men were studied, consisting of (1) 
experimental subjects from the Hastings 
State Hospital in Minnesota, (2) normal 
men from the United States, Italy, Sweden, 
South Africa, Spain and England, and (3) 
ambulatory patients who had definite 
coronary disease. 

Keys and his co-workers observed that 
diets which were high in animal fats (not 
necessarily high in cholesterol) were ac- 
companied by high plasma _ cholesterol 
levels. It seems noteworthy that the “diet 
very high in fats,” referred to by these 
authors, is said to be the average diet of the 
American population, although the evidence 
for this allegation is not shown. An important 
finding in the experimental group at the 
Hastings Hospital was that a reduction of 
the dietary calories derived from fat over a 
peried of thirty-two weeks resulted in lower 
serum cholesterol levels. 

Estimates of the average per cent of fat 
in the diet of various populations shows 
that Japan, India and Turkey are among 
the countries with the lowest proportion of 
fat in the diet (8 to 14 per cent) and that 
Australia, Sweden, Canada and the United 
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States are the countries with the highest 
percentage of fat in the average diet (38 to 
41 per cent). It is unfortunate that these 
estimates of the dietary intake of normal 
adults cannot be more firmly established. 
Generally speaking, the average serum 
cholesterol levels of subjects from countries 
having diets characteristically low in fats 
were low (25 to 50 per cent lower than the 
average value in other countries). It was 
also found that there was a small but in- 
constant relationship between the degree of 
obesity and the total cholesterol of serum 
(see also Nutrition Reviews 14, 3 (1956)). In 
populations where the general level of 
cholesterol was low, as in Naples, the 
cholesterol concentration tended to corre- 
late with relative obesity. However, in 
populations characterized by high serum 
cholesterol, as in England and Minnesota, 
there was little such relationship. Among 
men who were losing weight or were under- 
fed the serum cholesterol was almost always 
low, while among those who were actively 
gaining weight there was a transitory rise in 
cholesterol when the gain first became ap- 
parent. 

Although Keys and his co-workers do not 
refer in this paper to the incidence of 
atherosclerosis in the populations of the 
various countries studied, they believe they 
have shown in a previous study (see Nutri- 
tion Reviews 12, 270 (1954)) that a high 
correlation exists between fat in the diet 
and the extent of atherosclerosis in the 
populations studied. It is well known that 
the incidence of atherosclerosis in the 
United States is high (R. G. Langdon in 
“Fat Metabolism,” Johns Hopkins Press, 
Baltimore (1954)), whereas coronary heart 
failure is rarely seen among native Bantus 
or poor Guatemalans. Likewise, a sharp in- 
crease in the death rate from atherosclerosis 
was seen in several countries when the food 
supply was suddenly increased after the last 
war. Keys et al. do not discuss how the 
dietary fat intake may exert its controlling 
influence on the blood cholesterol. 






















The association of alkalosis with low levels 
of serum potassium has been observed in 
patients suffering from a number of dis- 
eases. Outstanding examples of this disturb- 
ance have occurred with pyloric obstruction 
and persistent vomiting, postoperatively fol- 
lowing prolonged periods of intravenous 
administration with sodium-containing solu- 
tions, and in primary aldosteronism (J. W. 
Conn, J. Lab. Clin. Med. 46, 3 (1955)). 
Less severe hypokalemic alkalosis has been 
observed in patients with Cushing’s syn- 
drome (hyperadrenalcorticism) and in pa- 
tients receiving large amounts of cortisone 
or ACTH. 

One important question might be asked in 
considering the relationship between potas- 
sium deficiency and alkalosis and that is 
whether simple potassium deficiency in 
itself will produce alkalosis. The observa- 
tions of D. A. K. Black and M. D. Milne 
(Clin. Sci. 11, 397 (1952); Nutrition Reviews 
10, 163 (1952)) were designed to answer this 
question. Two subjects were given a diet con- 
sisting largely of milk the potassium content 
of which had been reduced from 43 milli- 
equivalents (mEq) per liter to3 mEq per liter 
by treatment with an ion-exchange resin for 
a period of six and seven days. During the 
period of depletion the negative potassium 
balance amounted to 270 to 290 mEq, the 
serum concentration fell from 4.1 to 3.1 
mEq per liter, and the serum bicarbonate 
rose to 36.1 mEq per liter, indicative of a 
moderate metabolic alkalosis. The adminis- 
tration of potassium chloride corrected the 
defects in electrolyte metabolism. The con- 
clusion that simple potassium deficiency 
evokes alkalosis has been criticized on the 
ground that in the preparation of the low 
potassium milk, sodium was exchanged for 
potassium, and the sodium content of the 
experimental diet was 300 mEq per day, 
which is much higher than normal. In addi- 
tion, much of the sodium was not matched 
with fixed anion, so that the net result was 
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the administration of an excess alkali load. 
For this reason the electrolyte disturbances 
observed in these patients cannot be at- 
tributed to deficiency in dietary potassium 
alone. 

Investigations by W. H. Blahd and 8. H. 
Bassett (Metabolism 2, 218 (1953)), A. 
Reimer, H. K. Schoch, and L. H. New- 
burgh (J. Am. Dietet. Assn. 27, 1042 (1951)), 
and O. H. Pearson and L. P. Eliel (Recent 
Progress in Hormone Research 6, 373 (1950)), 
in which low potassium-containing diets 
were not associated with excessive sodium 
load, did not reveal a significant degree of 
alkalosis, although between 117 and 278 
mEq of potassium were lost from the body. 

The detailed studies of R. A. Womersley 
and J. H. Darragh (J. Clin. Invest. 34, 456 
(1955)) are particularly valuable in defining 
the results of restricted potassium intake 
alone and the restriction of sodium and 
potassium together in normal man. Electro- 
lyte and fluid balance studies were carried 
out on 2 subjects. In the first, the lowering 
of dietary potassium to 2 mEq per day in 
the presence of a normal sodium intake for a 
week on two occasions resulted in a loss of 
226 and 267 mEq of potassium and a gain 
by the body of 417 and 569 mEq of sodium. 
During this phase of the experiment the 
serum potassium fell to as low as 3.1 mEq per 
liter. A very mild alkalosis also was evident, 
with a maximum rise of the bicarbonate 
content of the serum to 30.2 mEq per liter. 
After the period of potassium depletion, the 
effects of a diet extremely low in both 
sodium and potassium were observed for 
three and four days. The amount of potas- 
sium lost during this period was less than 
was observed earlier. During the final phase 
of the study, reloading with sodium and 
potassium was carried out with a restitution 
of the losses of potassium. In the second 
subject the experimental plan was reversed 
and the diet low in both sodium and potas- 
sium was fed first. The negative potassium 
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balances and positive sodium balances in 
this experiment were much less than those 
observed when potassium alone was _ re- 
stricted. When the low potassium, normal 
sodium diet was fed the losses of potassium 
were also much less than those in the first 
experiment. In this individual the potas- 
sium level in the serum reached 3.2 mEq per 
liter after eleven days of potassium deple- 
tion; nevertheless, the serum bicarbonate 
failed to rise. 

In commenting on the renal conservation 
of potassium, Womersley and Darragh con- 
clude that losses are decreased by a con- 
comitant reduction in sodium intake. It is 
apparent from these studies also that when 
sodium is present in the diet and potassium 
intake is low, there is a retention of sodium 
and water in the extracellular space as well 
as a substitution of sodium for potassium in 
the cells. 

An extensive study has been made by 
F. D. Moore and co-workers (Metabolism 
4, 379 (19545)) of the relationship of alkalosis, 
potassium deficiency and stress to acute 
hypokalemia in man. Metabolic studies were 
carried out on 6 normal male medical 
students. In the first 3 subjects, following a 
control period a low potassium diet (2 mEq 
per day) was fed for five days. During the 
next phase of the study the influence of 
gastric suction in 2 subjects and ACTH in 
one subject were observed while the low 
potassium diet was continued. The experi- 
ments were concluded by restoration of 
dietary potassium and observation of the 
progesses of reconstitution. It is unfortu- 
nate that the authors do not describe the 
constituents of the low potassium diet other 
than to state that it was “made up by the 
use of naturally occurring low-potassium 
foods and...therefore highly unpalat- 
able.’’ During the period of low potassium 
intake the ratio of dietary sodium to 
chloride was unchanged. 

In these subjects negative potassium 
balances of from 123 to 207 mEq occurred 
during the five days of low dietary intake. 
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The fact that potassium:nitrogen ratios 
were as high as 36 mEq per gram indicates 
that the potassium loss far exceeded protein 
breakdown. During the period of study 
there was neither significant lowering of the 
serum potassium levels nor the appearance 
of alkalosis. In one of the subjects gastric 
suction for two days and in another subject 
ACTH for four days was followed by a 
prompt lowering of the serum potassium 
level, although the rate of potassium loss 
from the body had not been accelerated. 
During the brief period of study alkalosis 
did not ensue. 

The experiments carried out on the re- 
maining 3 subjects were designed to observe 
the effect of chloride depletion (gastric suc- 
tion) and renal sodium retention (ACTH 
administration) when instituted with de- 
ficient potassium intake. In the 2 subjects 
who were given gastric suction and a low 
potassium diet there was prompt appearance 
of a low serum potassium, although only one 
of the subjects developed alkalosis. The 
most marked metabolic changes were ob- 
served when gastric suction, ACTH admin- 
istration and a low potassium diet were 
instituted simultaneously in the last experi- 
mental study. During the period of this 
study a net loss of 260 mEq of potassium 
was incurred associated with a fall in the 
level of serum potassium to 3.0 mEq per 
liter and the development of alkalosis 
(carbon dioxide-combining power of 31.7 
mEq per liter). 

In considering their results and the work 
of others Moore and his associates have con- 
cluded: ‘‘1) When potassium loss due to 
deprivation of potassium is unaccompanied 
by excessive sodium administration, there is 
little tendency to alkalosis even though 
there is a marked loss of potassium at high 
K:N ratios and considerable sodium reten- 
tion. There is a slow fall in serum potassium 
concentration and, over short periods (3 to 
7 days), this fall may be inconsequential. 2) 
When potassium loss is complicated by 
extrarenal salt loss high in chloride (or the 
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administration of large amounts of sodium) 
alkalosis becomes evident and hypokalemia 
occurs. 3) When potassium loss and chloride 
loss are complicated by ‘stress’ such as 
trauma or surgery, or the administration of 
ACTH or DOCA (desoxycorticosterone 
acetate) urinary sodium discard is blocked 
and alkalosis is much more severe. Hypo- 
kalemia is profound, electrocardiographic 
changes are marked and the situation be- 
comes hazardous to the patient.’ 

It is apparent from the findings which 
have been reviewed that potassium me- 


tabolism cannot be considered apart from 
changes in other electrolytes and hormonal 
adaptations. Contributing factors may be of 
as much importance as the loss of potassium 
from the body in the development of hypo- 
kalemia and alkalosis. It must always be 
remembered in any consideration of potas- 
sium metabolism that the amount of 
potassium in the extracellular fluid is only a 
minute fraction of the total body potassium, 
and the actual concentration of serum 
potassium is a poor indicator of the state of 
total body potassium. 


MECHANISM OF WEIGHT LOSS BY AMPHETAMINE 


The use of sympathomimetic drugs as ap- 
petite depressants began with the observa- 
tions of physicians who noted weight reduc- 
tion as a side effect in patients undergoing 
amphetamine treatment for other illness. 
Among those to report the successful use of 
amphetamine in the clinical management of 
obesity were M. F. Lesses and A. Myerson 
(New Engl. J. Med. 218, 119 (1938)) and 
P. Rosenberg (Med. World 57, 656 (1939)). 
Two reviews on the employment of this 
drug in patients have also appeared (Nu- 
trition Reviews 8, 18 (1950); 9, 198 (1951)). 

These clinical observations are supported 
by the studies of E. B. Alpern, N. Finkel- 
stein, and W. H. Gantt (Am. J. Physiol. 
133, 195 (1941)) on dogs, and those of W. E. 
Ehrich and E. B. Krumbhaar (Ann. /nt. 
Med. 10, 1874 (1937)), M. L. Tainter (/. 
Nutrition 27, 89 (1944)), and W. L. Min- 
kowsky (J. Comp. Psychol. 28, 349 (1939)) 
on rats. 

In attempts to explain this appetite- 
depressing phenomenon, the following mech- 
anisms have been suggested by various 
investigators: (1) increased basal metabo- 
lism, (2) increased general metabolism, (3) 
diuresis, (4) incomplete digestion or absorp- 
tion of food, and (5) reduced food intake 
from appetite reduction. Over the past few 
years a series of carefully regulated labora- 


tory studies have been carried out on 
human subjects and dogs by 8. C. Harris 
(Ann. N. Y. Acad. Sci. 68, 121 (1955)) with 
the aim of determining which among the 
various explanations for amphetamine-in- 
duced weight loss are its true causes. 

In one experiment 7 obese and 2 nonobese 
subjects were fed 3 meals a day ad libitum 
for 2 eight-week periods, separated by a 
four-week vacation, and were given either 
5 mg. of p- or 10 mg. of pL-amphetamine one 
hour before meals, during the second half of 
each eight-week period. Both voluntary 
caloric intake and body weight were reduced. 
During the first eight weeks of the experi- 
ment, the subjects lost an average of 5.87 
pounds—2.44 pounds during the four-week 
control period, 2.79 pounds during the first 
week of treatment, and 3.43 pounds over 
four weeks of medication. In the second 
eight-week experiment, the results were 
2.01 pounds lost during the four control 
weeks, 2.74 pounds during the first week of 
medication, and 5.50 pounds over four 
weeks of treatment. 

To assess any toxic or metabolic effects of 
amphetamine, 10 nonobese men were given 
3000 calories per day for fourteen weeks. 
From day 27 to 56 inclusive, each man re- 
ceived 5 mg. of p- or 10 mg. of pt-amphet- 
amine before each meal. An average weight 
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loss of 0.7 pounds occurred during the con- 
trol period. On medication, the group 
averaged, during the first week, a loss of 0.9 
pounds, but the average loss for the first 
fifty-six days of treatment was 1.8 pounds, 
only 0.4 pounds less than if the control rate 
had continued. This is interpreted as indi- 
cating an increased total metabolism during 
the first week of treatment. Supporting this 
view were reports of wakefulness, during the 
first week, by 8 of the 10 subjects. 

Only slightly different results were ob- 
tained with dogs. Decreased food intake was 
observed after administration of 2.5 to 5 
mg. of pL-amphetamine, given intramuscu- 
larly an hour before feeding. Ten mg. per 
day given to a dog weighing 16 kg. reduced 
food intake 87 per cent and body weight 
27.5 per cent in thirty-two days. Injection of 
saline solution on the thirty-third day, in 
place of amphetamine, was followed by 
enthusiastic food ingestion. No evidence of 
nausea was observed in the experiments 
with dogs. 

Calculations based on Benedict’s figures 
were made in the dog experiments. These 
took into consideration daily caloric require- 
ment and changes in body weight following 
daily amphetamine administration. All of 
the loss in body weight was thus accounted 
for in terms of caloric deficiency of intake 
rather than caloric energy expenditure. 

Neither bilateral vagotomy nor bilateral 
splanchnolumbar sympathectomy modified 
ingestion habits or body weight. The same 
dose of amphetamine after either or both 
operations modified oral intake as before 
This is indicate that 
anorexia is due neither to sensations from, 
nor stimuli to, the gastrointestinal tract. 


surgery. taken to 


Since evidence from these studies sug- 
gested anorexia of cerebral origin, 8 patients 
who had had frontal lobectomy were given 
10 mg. of p-amphetamine intramuscularly 
one hour before lunch and dinner on two 
successive days. The relatively large dose of 
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D-amphetamine was without effect on the 
appetite of 6 of these 8 patients. 

The mechanism of action of this drug on 
the central nervous system remains obscure. 
No significant changes in blood glucose 
tolerance were observed in human subjects, 
either immediately or weeks after amphet- 
amine treatment. There was no indication of 
intoxication. Addition of barbiturates to 
amphetamine allayed the restlessness of 
certain patients without inhibiting the 
anorexia. Thus, the possibility that anorexia 
to the degree observed was a product of 
cerebral excitation seems to be eliminated. 

The question of whether amphetamine 
has a specific inhibitory effect upon an 
“appetite center’ or a specific stimulatory 
effect upon an “appetite inhibiting center” 
might be answered by testing the drug on 
carefully prepared operated subjects. 

Although clinicians have used amphet- 
amine primarily for weight control, other 
sympathomimetics have also been reported 
as being effective. R. H. Williams et al. 
(Ann. Int. Med. 29, 510 (1948)) reported 
that the most useful generally were p-1- 
phenyl-2-aminopropane, 1-cyclohexy]-2- 
aminopropane, 1-cyclohexyl-2-methylamino- 
propane and 1-phenyl-2-methylaminopro- 
pane, in that order. Side effects are relatively 
few; the most common are restlessness and 
insomnia. A possible untoward side effect is 
hypertension, but a lowered blood pressure 
dependent on diminished body weight has 
been observed in cases of diabetes, obese 
hypertensien, and in pregnant women who 
are overweight. 

Tolerance to the anorexigenic drugs often 
occurs. Some clinicians seem to prefer to 
use the drugs until they are tolerated, hoping 
that the patient will have formed new eating 
habits by that time. Others feel that judi- 
cious reduction of the caloric intake of the 
patient (by as little as 10 per cent) remains 
the method of choice. 
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VITAMIN B, DEFICIENCY IN VEGETARIANS 


Vegetarianism has long been of interest to 
the nutritionist. Vegetarians are usually 
classified as (1) lacto-ovo-vegetarians, or (2) 
“pure” vegetarians (vegans). Lacto-ovo- 
vegetarians shun animal flesh (meat, poultry 
and fish), but eat such foods as milk and 
eggs, or products made from or containing 
these. ‘‘Pure’’ vegetarians (vegans), how- 
ever, exclude from their diets all foods of 
animal origin. M. G. Hardinge and F. J. 
Stare (J. Clin. Nutrition 2, 73, 83 (1954)) 
reported nutritional, physical and labora- 
tory studies on 112 vegetarian (86 lacvo-ovo- 
vegetarians and 26 vegans) and 88 nonvege- 
tarian adults, adolescents and pregnant 
women. With the exception of the adolescent 
vegan, the average dietary intake of all 
groups “‘approximated or exceeded” the Na- 
tional Research Council recommended al- 
lowances. There were no significant differ- 
ences in the heights, weights and blood 
pressures of these groups, but the vegan 
averaged 20 pounds less than the others. 
Total protein, albumin and globulin values 
did not differ statistically in the groups, and 
hematologic studies were similarly negative. 
As regards pregnancy, the lacto-ovo-vege- 
tarian diet appeared to provide adequate 
nutrition. Hardinge and Stare also recorded 
dietary and serum levels of cholesterol in 
these groups, and these studies have already 
been considered (Nutrition Reviews 13, 138 
(1955)). 

These observations suggest that vege- 
tarianism is essentially harmless, but some 
recent studies by F. Wokes, J. Badenoch, 
and H. M. Sinclair (Voeding 16, 590 (1955); 
reprinted in Am. J. Clin. Nutrition 3, 375 
(1955)) indicate that definite illnesses may 
appear in some vegans of long standing. The 
group of vegans studied by these British 
workers consisted of 32 children (13 male, 
19 female) of ages up to 18 years, and 117 
adults (54 male, 63 female). The commonest 
and earliest symptoms were in the mouth, 





particularly sore tongue, but these usually 
disappeared after a month or two. Pares- 
thesia, amenorrhea and menstrual disturb- 
ances, and nonspecific subjective ‘nervous 
symptoms” were also noted. Some 20 per 
cent of the subjects complained of pains in 
the back and spine, and some had such 
characteristic stiff ‘‘poker’’ backs that 
Wokes et al. use the term ‘‘vegan back” to 
describe it. These workers emphasize that 
even slight symptoms did not become mani- 
fest until the individual had been on the 
vegan diet for several years, that more 
serious symptoms took still longer to de- 
velop, and that “quite a number” were 
apparently symptomless even after more 
than five years on the diet. 

Children appeared to be more adversely 
affected by the diet than adults, and Wokes 
et al. suggest that the absence of symptoms 
in the group of American vegans studied by 
Hardinge and Stare (loc. cit.) may be be- 
cause the British group contained more 
young people “who are probably more 
susceptible to vitamin By deficiency.’’ That 
a vitamin By deficiency was involved was 
suggested by the serum vitamin By levels. 
These ranged from 45 to 193 micromicro- 
grams per milliliter (average 111 micromicro- 
grams per milliliter) as compared with the 
average normal range of 200 to 300 micro- 
micrograms per milliliter, and in more than 
half the vegans the average concentration 
was less than 120 micromicrograms per 
milliliter. Further, the deficiency symptoms 
in vegans could be alleviated by administra- 
tion of vitamin By, and one of the investi- 
gators (J. Badenoch) has described (Proc. 
Roy. Soc. Med. 47, 426 (1954)) the case of a 
vegan boy, age 15, who developed a severe 
vitamin By deficiency with subacute com- 
bined degeneration of the cord which 
“responded dramatically’ to treatment 
with vitamin By alone. Some support for 
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these findings of vitamin By deficiency in 
vegans is provided by a Dutch study (W. F. 
Donath, I. A. Fischer, H. C. van der 
Meulen-van Eysbergen, and J. F. de Wijn, 
Voeding 14, 153 (1953)) of 59 adult vegans, 
12 per cent of whom developed oral symp- 
toms, and 6 per cent paresthesia. Wokes and 
co-workers believe that the lower incidence 
of symptoms ‘‘was probably because 72 per 
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cent of the Dutch vegans... had been on 
the vegan diet for less than two years, as 
compared with an average of five to six 
years for British vegans.” 

It is perhaps not surprising to find symp- 
toms of vitamin By deficiency occurring in 
people who have been subsisting for years on 
the vegan diet which, of course, contains no 
animal protein. 


DIETARY PROTEIN AND HEPATIC COMA 


For patients with cirrhosis of the liver or 
hepatitis the therapeutic value of a nutri- 
tious diet adequate in protein is well estab- 
lished (A. J. Patek et al., J. Am. Med. Assn. 
138, 543 (1948); T. C. Chalmers ef al., J. 
Clin. Invest. 34, 1163 (1955)). Thus, it has 
become routine practice to prescribe high 
protein, high carbohydrate, moderate fat 
diets for patients with cirrhosis or hepatitis 
regardless of the degree of liver damage 
present (Nutrition Reviews 13, 105 (1955)). 
Ordinarily, this kind of diet is beneficial 
and, indeed, I. C. Plough, B. T. Forsyth, 
P. E. Teschan, and V. M. Sborov (Am. J. 
Med. Sct. 230, 182 (1955)) have demon- 
strated that patients with hepatitis usually 
are as capable as healthy individuals of 
utilizing dietary protein for anabolic pur- 
poses. 

However, patients with liver disease oc- 
casionally display marked intolerance to 
dietary protein. Specifically, a syndrome re- 
sembling impending hepatic coma and 
characterized by a ‘“‘flapping” tremor (best 
observed with sustained posturing of the 
outstretched arms and hands), drowsiness, 
confusion and disorientation has been de- 
scribed in certain patients with severe cir- 
rhosis following the administration of protein 
and other nitrogen-containing substances 
(J. M. Foley, C. W. Watson, and R. D. 
Adams, Tr. Am. Neurol. Assn. 76, 161 (1950)). 
Thus, when a patient with liver disease 
shows signs of impending coma it is impor- 


tant for the physician to ascertain whether 
the diet is playing a contributory role. 

R. Schwartz and associates (New Engl. J. 
Med. 251, 685 (1954)) have described 3 
carefully studied patients with chronic 
alcoholism, cirrhosis of the liver and neuro- 
logic complications who were intolerant to 
dietary protein and who showed clinical 
improvement when the protein intake was 
curtailed. In one of the patients a syndrome 
resembling impending hepatic coma was 
produced on three occasions merely by 
adding 25 g. of protein to a diet providing 
50 g. of protein and 2800 calories per day. 
Two to four days of the supplementary pro- 
tein feeding were enough to produce increas- 
ing drowsiness and a “flapping” tremor. 
After the decrease in protein intake the 
tremor and signs subsided within six days. 
Electroencephalograms of a type char- 
acteristically exhibited by patients with 
hepatic coma were recorded during the “‘pre- 
coma”’ episodes. A rough correlation between 
the blood ammonia levels and coma was ob- 
served in the patients studied by Schwartz 
et al., but in 2 of them serum sodium also 
was abnormally low during coma and it was 
difficult to assess the contribution of the 
hyponatremia to the neurologic picture. 

Although the mechanism of protein- 


induced coma in cirrhotic patients is not 
well understood, a derangement of ammonia 
metabolism appears to be implicated. Severe 
hepatic damage may result in a diminished 
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ability to clear ammonia normally produced 
by tissues and by intestinal bacteria. When 
an extensive portal collateral circulation 
exists it is possible that portal blood con- 
taining ammonia originating in the intestinal 
tract by-passes the liver (W. McDermott 
and R. D. Adams, J. Clin. Invest. 32, 587 
(1953)). In either case, an elevation in blood 
ammonia or some related toxic substance 
adversely affecting brain function may oc- 
cur. 

Thus, in the management of severe liver 
disease the possibility of a toxic effect of 
protein in the diet must always be consid- 
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ered. Other nitrogenous substances such as 
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ammonium chloride are also potentially 
harmful in such instances. 

Clearly, the comparatively rare occur- 
rence of adverse responses to dietary pro- 
tein in patients with advanced cirrhosis or 
severe hepatitis in no way justifies any 
change from the existing practice of provid- 
ing a generous supply of protein in the diet 
of patients with hepatic disease. As Schwartz 
and associates point out, “the only present 
indication for protein restriction is the on- 
set or presence of impending hepatic coma or 
coma.” 


UNIDENTIFIED GROWTH FACTORS FOR CHICKS 


Since the discovery of vitamin By con- 
siderable attention. has been given to the 
search for still unidentified animal growth 
factors. Such postulated factors, when 
eventually isolated, may be added to the 
present list of vitamins and offer promise 
of use in nutrition and medicine. Much of 
this experimental work has been done in 
studies with growing chickens, which are 
especially convenient for this purpose. 

It has been generally accepted that at 
least two unidentified organic growth fac- 
tors are needed by the chick. The factors 
have been reported to occur in such mate- 
rials as dried whey, dried liver, fish by- 
products, yeast, distiller’s solubles, wheat 
bran, and forage products (Nutrition Re- 
views 8, 298, 301 (1950); 10, 178 (1952)). 
Thus a “whey factor,” ‘fish factor,” 
“forage juice factor,’”’ and “vitamin By,” 
among others, have been suggested as being 
needed by the chick. 

Recent publications have indicated that 
a part of the growth-promoting activity 
of these crude materials is due to unidenti- 
fied mineral constituents (see Nutrition 
Reviews 14, 51 (1956)). This makes it neces- 
sary to re-evaluate the existing evidence 
for more than one unidentified organic 


growth factor for chicks, since in some in- 
stances the mineral content of experimental 
diets has been deficient or borderline. 
Studies on unidentified factors, reviewed 
herein, have made use of a wide variety of 
diets, breeds of chicks, states of depletion, 
stresses, and other experimental conditions 
in attempts to gain further knowledge on 
this important subject. (For references to 
other papers on unidentified factors see 
reviews by H. D. Branion and D. C. Hill, 
Poultry Sct. 32, 151 (1953); V. H. Cheldelin 
and T. E. King, Ann. Rev. Biochem. 23, 
275 (1954); and B. C. Johnson, Jbid. 24, 
419 (1955)). 

Factors in Whey, Liver and Fish. In order 
to obtain a larger growth response in chicks 
from the feeding of whey, liver, or fish 
products, G. F. Combs, G. L. Romoser, 
and R. W. Bishop (/. Nutrition 53, 511 
(1954)) have used a small amount of arsanilic 
acid (90 mg. per kilogram) in their corn- 
soybean ration. In more recent work from 
this laboratory (G. H. Arscott and Combs, 
Poultry Sci. 34, 843 (1955)) the inclusion 
of 0.03 per cent of iodinated casein and the 
substitution of sucrose for glucose in puri- 
fied diets containing isolated soybean pro- 
tein resulted in an improved assay for at 
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least two unidentified factors, confirming 
previous work. Under certain conditions it 
was found that female chicks responded to 
unidentified factors to a greater extent than 
did males. 

Using a similar purified diet (soybean 
protein, glucose, methionine, glycine and 
fat, supplemented with vitamins and min- 
erals) C. F. Petersen, A. C. Wiese, and A. 
R. Pappenhagen (Poultry Sci. 34, 673 
(1955)) also have studied means of improv- 
ing the chick assay for the isolation of uni- 
dentified factors. These workers found that 
if they raised the level of soybean protein 
in the ration to 32 per cent, maximum 
growth was obtained (383 g. average at 
four weeks of age). Further additions to the 
diet of known amino acids, minerals, or 
vitamins did not result in additional growth. 
The good weight obtained at 4 weeks of age 
is considerably above that obtained by 
many other laboratories, indicating a possi- 
ble deficiency of known nutrients in certain 
other diets. 

Petersen et al. found that the addition of 
fish solubles, liver products, or dried whey 
resulted in significant gains in weight of 10 
to 15 per cent over the purified diet. Com- 
binations of the crude materials gave no 
additional growth, providing no evidence 
in these studies with undepleted chicks of 
the need for more than one factor. It is un- 
fortunate that the authors used a salt mix- 
ture which supplied only 0.78 per cent of 
calcium, 0.38 per cent of phosphorus, and 
28.5 mg. of manganese per kilogram of diet 
(figures calculated from the authors’ data). 
Although the level of phosphorus in the 
soybean protein was probably sufficient to 
satisfy the requirement for this mineral, 
the levels of calcium and manganese were 
considerably lower than the requirements 
(1.0 per cent and 55 mg. per kilogram of diet 
respectively) suggested by the Committee 
on Animal Nutrition of the National Re- 
search Council (H. R. Bird et al., ‘“Nutrient 
Requirements of Poultry,’’ National Acad- 
emy of Sciences-National Research Council, 
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Washington, D. C., Publication 301 (1954)). 
In spite of this criticism, the data presented 
provide good proof for the need of at least 
one unidentified factor by the chick. 

R. J. Lillie, J. R. Sizemore, and H. R. 
Bird (Poultry Sct. 32, 855 (1958)) have 
suggested a practical assay diet for the 
study of unidentified factors. They took 
care to show that the diet was complete in 
all known nutrients including minerals. 
Using this diet, H. Menge et al. (Ibid. 32, 
863 (1953)) were successful in concentrat- 
ing nearly one-hundred-fold an unidentified 
growth factor in fish solubles. Concentrates 
were active at 0.04 to 0.055 per cent of the 
diet. The factor was soluble in water, in- 
soluble in ether, dialyzable, and stable to 
autoclaving at pH 2 through pH 11, but 
not at pH 1. The above properties are 
similar to the properties of a factor reported 
earlier to be concentrated three-hundred 
and fifty-fold by Menge and G. F. Combs 
(Ibid. 31, 994 (1952)). 

F. H. Kratzer, P. Vohra, R. L. Atkinson, 
and P. N. Davis (Proc. Soc. Exp. Biol. 
Med. 89, 273 (1955)) found that pretreat- 
ment of dried whey with various solvents, 
including water and alcohol, before mixing 
with the diet resulted in small but consistent 
growth responses. Untreated whey or water 
added directly to the diet gave no response 
in growth. The authors suggest that there 
may be an alteration of some constituent 
of dried whey due to the drying process 
which was restored to its original form by 
the treatment. However, results 
with fresh ‘whey which might have tested 
this hypothesis were not given. Also, it is 
possible that the solvent-treated whey may 
have 


solvent 


counterbalanced, in some manner, 
the unusually high level of calcium present 
in the basal ration (calculated to be at a 
level of 1.74 per cent as supplied by 2.5 per 
cent of calcium carbonate and 2 per cent 


of dicalcium phosphate). Differences in 


growth of only 30 to 49 g. at four weeks of 
age were obtained in the chicks fed the 
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solvent-treated whey, which are small for 
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routine assay purposes. 

Factors Associated with Carbohydrate. L. 8. 
Dietrich, W. J. Monson, and C. A. Elvehjem 
(Arch. Biochem. Biophys. 38, 91 (1952)) 
have shown that feeding 30 per cent of 
dextrinized cornstarch in place of sucrose 
may result in increased growth of chicks fed 
synthetic diets. A similar effect of corn- 
starch has been seen in studies with the duck 
by O. N. Miller (J. Nutrition 50, 13 (1953)). 
In both studies the rations used appear to 
be complete in all known nutrients. It is 
possible that the beneficial effect of corn- 
starch may have been due to stimulation of 
intestinal synthesis of the actual growth 
factor or factors. 

Dietrich et al. reported that the factor 
was present in liver and yeast as well as in 
crude casein and wheat bran. Dried whey 
and dextrinized cornstarch contained lesser 
amounts. The growth-promoting substance 
was found to be soluble in 70 and 95 per 
cent alcohol and stable to heat and alkali. 
It was not adsorbed on norite and was non- 
dialyzable. The factor appears to be distinct 
from the postulated fish and whey factors 
described in the preceding section. 

Factors in Alfalfa or Grass. Forage juices 
have been reported to contain an unidenti- 
fied factor distinct from the factors in whey 
and fish products (R. G. Hansen e¢ al., 
J. Nutrition 49, 453 (1953); H. Fisher, H. 
M. Scott, and Hansen, Jbid. 62, 13 (1954)). 
In these studies a casein-gelatin-glucose 
diet was used supplemented with known 
vitamins and minerals. Although feeding the 
ash of alfalfa did not result in stimulation 
of growth, it is unfortunate that the salt 
mixture in this ration supplied only 0.025 
per cent of magnesium. This is only about 
one half of the chick’s requirement for 
magnesium (0.049 per cent) as suggested by 
the National Research Council (loc. cit.). 
It is conceivable that some of the growth- 
promoting effects obtained in these studies 
by feeding liver and whey might be explained 
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by their content of magnesium, since the 
ash of these materials was not tested. 

B. March, J. Biely, and 8. P. Touchburn 
(Poultry Sct. 34, 968 (1955)) provide further 
evideiice for an unidentified chick growth 
factor in dehydrated green feed. Evidence 
was given also that there is a “carry-over” 
of the factor from the hen to the chick. 
Best growth responses were obtained in 
the presence of the fish factor, suggesting 
the need for two separate factors. Other 
studies demonstrating the growth-stimu- 
lating activity of alfalfa or forage juice have 
been made by G. QO. Kohler and W. R. 
Graham (Jbid. 31, 284 (1952)), M. G. 
Vavich, A. Wertz, and A. R. Kemmerer 
(Ibid. 32, 433 (1958)), and by C. H. Hill, 
R. L. Borchers, C. W. Ackerson, and F. E. 
Mussehl (Jbid. 32, 775 (1953)). 

Factor in Purified Proteins. A third, and 
probably distinct, general source of postu- 
lated factors is purified proteins (and ob- 
viously crude materials from which they 
are derived). It is well known that chicks 
do not grow so well when fed a mixture of 
essential amino acids as when given casein 
or other proteins (Nutrition Reviews 6, 148 
(1948)). D. A. Benton, H. E. Spivey, A. E. 
Harper, and C. A. Elvehjem (Arch. Bio- 
chem. Biophys. 57, 262 (1955)) obtained 
significant growth responses by adding 
casein and gelatin to diets containing one 
and one-half times the recommended levels 
of essential amino acids and_ generous 
amounts of nonessential amino acids. The 
diets appeared adequate in all known nu- 
trients. Growth activity was also found in 
an acid hydrolysate of gelatin containing 
few, if any, peptides. 

“Vitamin B,;” and Orotic Acid. The term 
‘“‘vitamin B,;” has been used to describe an 
ill-defined rat, pig and chick growth factor 
found in distiller’s dried solubles (A. F. 
Novak and S. M. Hauge, J. Biol. Chem. 
174, 235 (1948)). Vitamin B,; is possibly re- 
lated to orotic acid, also present in distiller’s 
dried solubles according to L. Manna and 
Hauge (/bid. 202, 91 (1953)). 
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kk. A. Rasmussen, P. W. Luthy, J. M. 
Van Lanen, and C. 8. Boruff (Proc. Ninth 
Distillers Feed Conference, Cincinnati, Ohio, 
p. 29, March 10, 1954) have suggested that 
vitamin B,; may be related to unidentified 
factors in dried whey and alfalfa meal. 
This suggestion was based on studies using 
a purified diet with blood meal as the only 
crude material present. Although full de- 
tails were not given, the authors reported 
that vitamin B,;; was concentrated about 
fifteen-hundred-fold on a solids basis, re- 
sulting in a concentrate that was active at a 
level of 15 mg. per kilogram of diet. Stimu- 
lation in growth also was obtained with 
levels of 10 mg. of orotic acid per kilogram 
of diet. However, Rasmussen et al. could 
find no direct relationship between orotic 
acid and vitamin B,;, contrary to the studies 
of Manna and Hauge (loc. cit.). The possi- 
bility that vitamin B,; concentrates may be 
acting in a manner similar to the known 
growth-promoting activity of antibiotics in 
animals is likely, but this has not been 
proved. 

Other Studies. A. A. Camp, H. T. Cartrite, 
J. H. Quisenberry, and J. R. Couch (Poultry 
Sei. 34, 559 (1955)) have studied unidenti- 
fied factors for chicks in whey, fish solubles, 
and in an antibiotic residue by using a diet 
consisting (in percentages) of corn meal 
30, milo (sorghum) 28.5, solvent soybean 
oil meal 32, alfalfa leaf meal 5, steamed 
bone meal 2, ground limestone 1.5, and a 
vitamin-antibiotic mix. All diets contained, 
in addition, nitrophenide as a coccidiostat. 
The effect of the nitrophenide on the results 
was not determined. The ration may be 
criticized on the grounds that no sources of 
sodium chloride or manganese were added. 
It is well known that vegetable rations may 
be low in these elements for chicks. The 
authors state that “salt was not added to 
the diet as the water furnished the chickens 
is quite high in salt.”” No analytic values 
were given for the water, however, and one 
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wonders if the water also contributed suffi- 
cient manganese. 

A previous paper from this same labora- 
tory (R. L. Jacobs, J. F. Elam, J. Fowler, 
and J. R. Couch, J. Nutrition 64, 417 (1954)) 
demonstrated the presence of an unidenti- 
fied chick growth factor in chick litter. 
This factor is reported to be thermostable 
and to be distinct from the “fish factor’ or 
from an antibiotic. The basal diet used in 
this study appears to be complete in all 
known nutrients. It would be reasonable to 
assume, without any discussion of this 
point by the authors, that the factor in 
chick litter is possibly identical to the 
“whey factor.” 

A. E. Schaefer, R. D. Greene, H. L. 
Sassaman, and 8. Wind (Poultry Sci. 34, 851 
(1955)) have studied an unknown growth 
factor, supplied by small amounts of penicil- 
lin and streptomycin mycelium meals, that 
appears to be distinct from the factor or 
factors found in fish, liver and whey. Both 
practical and purified rations were used. 
The factor was distinguished from all known 
vitamins and minerals and did not appear 
to be an antibiotic. The ash of the mycelium 
meals was inactive. 

With some exceptions surprisingly little 
progress appears to have been made in the 
actual isolation of new organic growth 
factors for chicks in spite of all the suggested 
assay diets appearing in the literature. Im- 
proved assay procedures are needed, such as 
some of those reviewed herein, which give 
consistent differences in growth greater than 
30 to 50 g. at four weeks. 

On the basis of present evidence it can be 
temporarily concluded that in addition to 
an “unknown mineral’”’ requirement for the 
chick there exist at least three, and possibly 
more, unidentified organic growth factors in 
a variety of crude materials. Two factors 
appear to be present in products such as 
whey, liver, fish by-products, and in various 
proteins. A third factor is found in forage 
juices. Other growth factors, not so well 
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defined, may occur in crude carbohydrate 
sources or in microbial products such as dis- 
tiller’s solubles, yeast, chick litter, or fer- 
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mentation residues. Work on the isolation 
of such factors is in progress and the results 
will be awaited with interest. 


VITAMIN By», ACTIVITY OF GERMINATED LEGUMINOUS SEEDS 


It has been well accepted that vitamin 
By is widely distributed in animal tissues 
and in foods of animal origin, such as meat, 
milk and eggs. The original source of 
vitamin By in such materials appears to 
be that synthesized by various microor- 
ganisms, since higher plants or normal 
animal tissues do not synthesize vitamin 
By so far as is known. Thus, foods such 
as vegetables, forage and cereals contain no 
vitamin By except that which might be 
taken up from the soil or environment 
(Nutrition Reviews 13, 113 (1955)). 

The report of K. Rohatgi, M. Banerjee, 
and S. Banerjee (J. Nutrition 56, 403 
(1955)), who state that 7 varieties of ger- 
minated pulses (leguminous seeds) con- 
tained appreciable amounts of vitamin 
By, is therefore surprising. 

Rohatgi and co-workers germinated 1 g. 
portions of dry, healthy seeds for two to 
four days in sterilized Petri dishes contain- 
ing sterile redistilled water. The seeds were 
digested with trypsin, autoclaved with 
sodium cyanide at pH 4.5, and then assayed 
for vitamin By» using Lactobacillus leich- 
mannii as the assay organism. This digestion 
procedure gave the highest values of four 
different procedures tested. Ungerminated 
seeds were also tested for vitamin By con- 
tent as controls. 

The results of these workers indicated 
that germination of the seeds resulted in 
up to six-fold increases in vitamin By 
activity, as measured with L. leichmannii, 
giving values ranging from 0.57 to 2.37 
micrograms per 100 g. of the various ger- 
minated seeds. Even before germination, 
values from 0.35 to 0.61 micrograms of 


vitamin By activity of the seeds were 
obtained. 

The authors state that “pulses form an 
important constituent of the daily dietary 
of Indians and it is no wonder that they 
receive sufficient vitamin B,» from the 
pulses they consume.” They also state that: 
“Consumption of germinated pulses should, 
therefore, be advocated from the nutri- 
tional point of view.” 

There is an important fallacy in the 
experiments of Rohatgi and co-workers 
which must be pointed out. The assay 
organism used, L. leichmannii, is known 
not to distinguish between true vitamin 
By (cobalamin) and pseudo forms of this 
vitamin, such as factors A, B, and C, 
pseudovitamin By», and certain desoxy- 
nucleotide derivatives (Nutrition Reviews 7, 
210 (1949); G. M. Briggs and F. 8. Daft, 
Ann. Rev. Biochem. 24, 339 (1955)). Pseudo 
forms of vitamin By» are known to have 
little or no vitamin By activity for man or 
animals. The fact that significant amounts 
of vitamin By activity were reported to be 
present in the ungerminated pulses also 
causes one to suspect that pseudo forms 
of vitamin By» and desoxyribosides were 
present (because of the known low content 
of true vitamin By activity of seeds). 

These authors apparently made no at- 
tempt to distinguish among the various 
substances known to stimulate the growth 
of L. leichmannii, although procedures for 
this purpose have been suggested (see H. T. 
Peeler et al., J. Nutrition 43, 49 (1951)). 

Thus, further studies in this connection 
must be made before it can be accepted 
that germinated pulses contribute signifi- 
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cant amounts of true vitamin By to the 
human diet. There is no argument against 
the value of pulses from a general nutri- 


tional standpoint, but whether they con- 
tain significant levels of true vitamin By» 
remains to be proven. 


BLOOD TRANSAMINASE AND PYRIDOXINE 


Although most workers agree that pyri- 
doxal phosphate is the coenzyme for the 
transaminase enzymes, there has been little 
work upon the relationships between pyri- 
doxine intake and transaminase levels in the 
tissues. The report of M. E. Marsh, L. D. 
Greenberg, and J. F. Rinehart (J. Nutrition 
56, 115 (1955)) on the effects of pyridoxine 
intake upon blood levels of transaminase 
and pyridoxine is thus of considerable inter- 
est. The studies were done with monkeys 
and human volunteer subjects. 

Transaminase in blood hemolysates was 
determined by the method of N. E. Ton- 
hazy, N. G. White, and W. W. Umbreit 
(Arch. Biochem. 28, 36 (1950)). Marsh and 
her co-workers discuss difficulties encoun- 
tered with the method. These included poor 
proportionality between the amount of 
pyruvate formed and the amount of blood 
used, as well as poor recoveries of pyruvate 
added to samples. Thus, the exact inter- 
pretation of the results is somewhat in 
question, but by standardizing the amount 
of blood used (0.10 ml.) they achieved 
reasonably reproducible results. In stored 
samples the second determinations fell 
within +23 per cent of the prestorage value. 
In most of the samples the variation was 
about 10 per cent. The cause of the change 
upon storage which induced greater varia- 
tion is not known, but was not due to loss of 
enzyme activity since more than half of the 
second values exceeded the originally deter- 
mined value. 

Total pyridoxine values were determined 
microbiologically on blood by a method pre- 
viously described (L. D. Greenberg and 
J. F. Rinehart, Proc. Soc. Exp. Biol. Med. 
70, 20 (1949)). This method utilizing yeast 
is a modification of the one described by L. 
Atkin, A. S. Schultz, W. L. Williams, and 


C. N. Frey (Ind. Eng. Chem. (Anal. Ed.) 
15, 141 (1943)) and measures all three forms 
of pyridoxine as total pyridoxine. 

A total of 8 monkeys of varying age were 
used. These received a purified diet, and 
pyridoxine hydrochloride was administered 
daily by mouth. From the data presented it 
is apparent that the transaminase blood 
levels varied in monkeys receiving 1.0 mg. 
of pyridoxine per day. Whether this was 
age-dependent is not entirely clear. Increase 
of the pyridoxine intake was associated with 
a rise in transaminase and blood pyridoxine, 
but in at least one experiment the level was 
not maintained. In most of the studies pre- 
sented the time periods were not sufficiently 
long to determine whether the blood level 
would stabilize at different transaminase 
levels, although the studies suggest that in 
most of the animals the levels became 
reasonably stable after six or seven weeks. 
The blood pyridoxine levels generally 
paralleled the transaminase levels. 

Although it is apparent that additional 
data would be required to define the charac- 
teristic transaminase levels in each animal at 
different intakes, the authors present an 
interesting chart in which the maximum 
transaminase level was plotted against the 
logarithm Df the pyridoxine intake per kilo- 
gram of body weight per day. There is a 
reasonable straight-line relationship. Al- 
though Marsh and co-workers do not make 
the comparison, it is apparent from the 
data presented that when no pyridoxine 
was given, the transaminase level fell to 
about 50 units per milliliter of blood. Read- 
ing from their chart, it would appear that 
this level should be reached at an intake of 
approximately 20 micrograms per kilogram 
per day. It may be of interest that P. 
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Gyorgy (‘“The Vitamins,”’ Vol. II/, p. 298, 
Academic Press, New York (1954)) has ¢gon- 
cluded that the minimum pyridoxine re- 
quirement for the human infant is probably 
between 10 and 20 micrograms per kilogram 
per day. 

Human volunteer subjects were given 
vitamin B-complex tablets containing 8 
different vitamins including pyridoxine, or 
pyridoxine tablets alone. In two studies in 
which there were 8 and 6 subjects respec- 
tively the addition of either 15 or 10 mg. of 
pyridoxine caused a marked rise in trans- 
aminase in the blood. The original mean 
blood level was about 450 units in both 
groups and this rose to about 600 units in 
approximately seven weeks. With the re- 
moval of the supplement the blood levels 
fell. The blood level of pyridoxine rose also, 


but leveled off sooner than the blood trans- 
aminase level. 

In several samples of blood from deficient 
animals the authors were unable to increase 
the enzyme activity in vitro by the addition 
of either pyridoxal phosphate or pyridox- 
amine phosphate. Others have also been 
unable to stimulate transaminase activity in 
tissues from vitamin Be-deficient animals by 
these materials. The cause for this is un- 
known but, as the authors point out, the 
apparent relationship between pyridoxine 
intake and blood transaminase levels sup- 
ports the idea that the enzyme system is 
catalyzed by vitamin Bes. Further study of 
the blood levels of transaminase should pro- 
vide a useful means of extending knowledge 
of the role and requirements of pyridoxine 
in human nutrition. 


DIET AND LIPOGENESIS IN ADIPOSE TISSUE 


For many years adipose tissue was con- 
sidered to be only a storage depot for fat, 
the very designation “depot” implying 
that the tissue played no primary role in 
metabolism. However, the evidence col- 
lected during the past twenty years has 
stressed the metabolic potential of this 
widely distributed tissue. 

Many publications have appeared on the 
respiratory characteristics of adipose tissue 
(reviewed by E. Wertheimer and B. Shapiro, 
Physiol. Rev. 28, 451 (1948)). They might be 
summarized by saying that the oxygen 
consumption of the tissue is inversely 
proportional to fat content and varies 
directly with the nitrogen content of the 
“depot.”’ The level of metabolic activity is 
determined by dietary, neural and endocrine 
factors. The metabolic service of adipose 
tissue to the body economy would appear to 
be two-fold. It accumulates the triglycerides 
from the diet and liver that are carried by 
the blood stream to the depots and stored 
there until mobilized by as yet unknown 
mechanisms (Nutrition Reviews 18, 237 
(1955)). The other, more important function 


to the body may be the conversion of blood 
glucose to fatty acids that are stored as 
triglycerides for future use. Recent research 
indicates that the latter function may be of 
great importance to an understanding of 
the biochemical basis for obesity. 

That fats are formed from carbohydrates 
in adipose tissue was suggested by the 
observation that glycogen appears in fat 
cells in all dietary conditions favoring fat 
synthesis from carbohydrate (E. Tuerkischer 
and E. Wertheimer, J. Physiol. 100, 385 
(1942); 104, 361 (1946); Nutrition Reviews T, 
154 (1949)). After rats are fasted, or given 
inadequate diets, until their fat stores are 
depleted, the administration of high carbo- 
hydrate diets results in glycogen appearing 
in the fat cells. The glycogen then slowly 
disappears as the fat content of the tissues 
increases. By the use of deuterium oxide- 
enriched serum as incubation medium, B. 
Shapiro and Wertheimer (J. Biol. Chem. 
173, 725 (1948)) found that adipose tissue of 
rats formed fatty acids when dietary con- 
ditions favored fat synthesis in the body. 
Liver was somewhat more active in renew- 
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ing its fatty acids than was adipose tissue, 
but since the total fat in adipose tissue is 
greater than that in liver, adipose tissue 
may synthesize a greater quantity of fat 
than liver. The importance of peripheral 
formation of fatty acids was also recognized 
by E. J. Masoro, I. L. Chaikoff, and W. G. 
Dauben (Jbid. 179, 1117 (1949)), who 
showed that hepatectomized eviscerated 
rats retained almost unimpaired their 
capacity for lipogenesis from glucose. 

The in vitro synthesis of fatty acids from 
C-labeled glucose and the oxidation of 
glucose to carbon dioxide by rat adipose 
tissue and liver have been recently investi- 
gated by F. X. Hausberger, 8S. W. Milstein, 
and R. J. Rutman (J. Biol. Chem. 208, 431 
(1954)). Using the fat body attached to the 
epididymus they have confirmed the earlier 
findings of Wertheimer and _ co-workers 
(loc. cit.) that adipose tissue is an important 
site of lipogenesis. When the differences 
between the lipid and protein content of 
adipose tissue and liver were taken into 
account the former proved to be far more 
active in glucose oxidation and lipogenesis. 
The ratio of C found in fatty acids to that 
recovered in carbon dioxide was also higher 
for adipose tissue (0.5) than for liver slices 
(0.03). 

When these tissues were obtained from 
alloxan diabetic rats they were virtually 
devoid of the ability to utilize glucose. 
Insulin treatment of the diabetic animals 
restored and even increased the synthetic 
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ability so that the ratios of lipogenesis to 
glucose oxidation approached unity. 

Using technics described in their earlier 
paper, F. X. Hausberger and 8. W. Milstein 
(J. Biol. Chem. 214, 483 (1955)) have 
investigated the glucose utilization of 
adipose tissue after fasting or the feeding of 
diets of varying fat content. Both lipogenesis 
and glucose oxidation were diminished in 
adipose tissue by fasting or by feeding a high 
fat diet (60 per cent fat, 1.2 per cent carbo- 
hydrate). Since insulin treatment for three 
days did not restore the depressed lipogenesis 
brought about by the high fat diets, the 
authors suggest that decreased glucose 
utilization during fasting or feeding of fat is 
not due to a lack of endogenous insulin. 
Dietary carbohydrate, in the form of sucrose, 
stimulated lipogenesis and glucose utiliza- 
tion and was necessary for the action of 
insulin to be manifest. The finding that 
dietary fat (35 per cent) inhibits lipogenesis 
by adipose tissue even in the presence of 
considerable dietary carbohydrate (34 per 
cent) warrants further investigation. 

That liver and adipose tissue should be 
stimulated to convert glucose to fatty acids 
by the same dietary factors would indicate 
that the same humoral or hormonal factors 
are operating at these widely separated sites. 
Further research on the nature and mode of 
action of nutrients that influence these 
factors should be undertaken and may prove 
to be of considerable importance in pro- 
viding a valid basis for an attack on the 


obesity problem. 
\ 


ANTIBIOTICS AND THE INTESTINE OF THE CHICK 


Discovery of the growth-stimulating effect 
of small amounts of antibiotics added to 
animal feeds (Nutrition Reviews 12, 108, 166, 
336 (1954); 18, 54 (1955)) initiated a great 
deal of work which was aimed at elucidating 
the mode of action of these growth pro- 
motants. The work of M. E. Coates and 
co-workers (see Nutrition Reviews 10, 270 
(1952)) has focused attention on the bacterial 


contamination of the environment. They 
found that when chicks were raised in 
quarters that had not previously been used 
for this purpose, antibiotics had no effect in 
stimulating their growth. However, when 
chicks from the same hatchery and receiving 
the same diet were raised in a laboratory 
where chicks had been kept for a number of 
years, antibiotics produced a significant 




















stimulation in growth. The birds in the new 
environment grew as well as those in the old 
environment receiving penicillin supplements 
in their feed. 

On the basis of this work, it was suggested 
that in the old environment there was a 
transmissible bacterial infection which was 
manifested only by a decreased growth of 
the infected chickens. Antibiotics added to 
the diet in small amounts reduced the infec- 
tion and permitted the birds to grow at a 
normal rate. Nothing other than the de- 
creased growth rate appeared as a manifesta- 
tion of the infection. This work has been 
confirmed by others (D. C. Hill, H. D. 
Branion, 8. J. Slinger, and G. W. Anderson, 
Poultry Sci. 32, 462 (1953); R. J. Lillie, 
J. R. Sizemore, and H. R. Bird, Jbid. 32, 
466 (1953)). 

As an extension of this work, M. E. 
Coates and co-workers (Chem. Ind., p. 149 
(1952)) studied the vitamin A metabolism of 
chicks receiving 45.5 mg. of procaine penicil- 
lin (calculated to supply 25 mg. of penicillin) 
per kilogram of a commercial ration. In 
confirmation of the work of R. C. Burgess, 
M. Gluck, G. Brisson, and D. H. Laughland 
(Arch. Biochem. Biophys. 33, 339 (1951)), 
they found that the antibiotic increased the 
level of vitamin A in the liver. These in- 
creased levels of vitamin A were seen only 
in those animals that responded to the 
antibiotic with an increased growth rate. 
In the course of this study Coates et al. 
(Chem. Ind., p. 1333 (1953)) observed that 
the small intestines of the birds given peni- 
cillin appeared thinner than those of their 
controls. 

To evaluate the changes in the intestinal 
tract induced by antibiotics, M. E. Coates, 
M. K. Davies, and 8. K. Kon (Brit. J. 
Nutrition 9, 110 (1955)) put day-old chicks 
on a mash containing corn, wheat, fish meal, 
skim milk powder, brewer’s yeast, salts, 
and arachis oils with vitamins A and D 
added. Procaine penicillin was added to 
this at the level of 45.5 mg. per kilogram 
of mash. At the end of two, three, or four 
weeks, when the chicks were killed, the small 
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intestine was measured, washed free of its 
contents, and weighed. In 8 of 12 series, the 
weight per unit length was less in the groups 
receiving penicillin than in the controls 
(0.115 versus 0.125). For the entire series, 
the difference in these values was approxi- 
mately 8 per cent. 

Although it is not stated, it appears that 
the British workers assumed that the 
diameter of the intestine was the same in 
both the penicillin-supplemented and control 
birds. That such an assumption was made 
follows from the fact that they claimed the 
lower weight per unit length of intestine was 
associated with a thinner intestinal wall in 
the birds receiving penicillin. Since the 
primary thesis of the above paper is that 
dietary antibiotics produce a thinning of 
the intestinal wall whenever they stimulate 
growth, every effort should have been made 
to substantiate that hypothesis. Coates and 
co-workers did determine the moisture and 
fat contents of the intestine. There was no 
difference in these constituents when the 
penicillin-supplemented birds were compared 
with the controls. They state that there were 
no morphologic differences in the intestines 
from birds in the two groups. A difference 
of approximately 8 per cent in the thickness 
of the wall should be apparent on histologic 
examination. 

To check the effect of the antibiotic on 
the intestinal tract, chicks were raised in 
isolation units under essentially germ-free 
conditions. When this was done, penicillin 
had no effect on either body weight gains 
or the weight per unit length of the intestine. 

Arsanilic acid at a level of 20 mg. per 
kilogram of diet reduced the weight of the 
intestine even though it did not always 
produce a body weight increase. Chloram- 
phenicol added to the diet at a level of 25 
mg. per kilogram produced a body weight 
increase in most of the experiments. How- 
ever, it reduced the weight of the intestine 
in only 2 out of 4 trials. 

The addition of 3 per cent of whole beef 
liver to the diet resulted in growth stimula- 
tion which was not quite so pronounced as 
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that produced by penicillin. Where the 
growth improvement resulting from the 
liver supplement was significant, there was 
a reduction in the weight of the intestine. 
This reduction was significant in only one 
out of 3 series. 

Coates and co-workers hypothesize that 
an infection in chicks results in thickening 
of the gastrointestinal wall, the latter being 
a defense mechanism reducing the absorp- 
tion of microbial toxins and preventing the 
entrance of microorganisms. A similar state- 
ment was put forth by H. A. Gordon 
(A Colloquium: “Studies on the Growth 
Effect of Antibiotics in Germ-Free Animals,”’ 
Lobund Institute, Univ. of Notre Dame 
(1952); Feedstuffs, p. 10, June 21, 1952) asa 
result of studies with germ-free chicks. 
Conventional birds had a heavier intestine 
than the germ-free birds. When an anti- 
biotic was added to the diet of the germ-free 
chicks it had no influence on the weight of 
the intestine or on the weight of the bird. 
Coates and co-workers (Brit. J. Nutrition, 
loc. cit.) go on to suggest that the thin-walled 
intestine of the antibiotic-supplemented or 
germ-free birds is associated with an im- 
proved absorption of nutrients and a con- 
comitant increase in the rate of weight gain. 

Serious consideration should be given to 
the above theory since there is other sug- 
gestive evidence that might substantiate it. 
J. M. Sieburth, J. J. Jezeski, E. G. Hill, and 
L. E. Carpenter (Poultry Sct. 33, 753 (1954)) 
noticed that the mesenteric blood vessels 
along the small intestine were more promi- 
nent and dilated in the chicks receiving 
antibiotics in their feed when compared to 
the unsupplemented controls. 

There appears to be sufficient evidence 
which indicates that animals reared under 
conditions of a “high disease level” respond 
more dramatically to antibiotic therapy 
than do animals of the same species raised 
under very sanitary conditions (see E. L. R. 
Stokstad, Physiol. Rev. 34, 25 (1954)). It is 
still difficult to determine exactly how a 
mild infection is able to reduce the rate of 
weight gain of an animal. From a purely 
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physiologic standpoint, an investigation of 
the changes in the gastrointestinal tract 
associated with infection would seem like a 
logical approach. As a step in this direction, 
the work of Coates and co-workers is highly 
important. There are, however, a number 
of points that should be considered in any 
extension of such studies. 

In the first place, are the differences in 
the weight of the intestine associated with 
actual differences in wall thickness? Direct 
measurements thereof should be made by 
both histologic and physical methods. 
Work might well be done with chickens that 
are more severely infected than those of 
Coates and co-workers. If the thickness of 
the intestinal wall is increased by a mild 
infection, then it might be postulated that a 
more severe infection should accentuate the 
situation. The more common poultry diseases 
should be studied from the above stand- 
point. Lower levels of antibiotics should be 
used. The levels used in commercial feeds 
are much smaller (R. Braude, 8. K. Kon, 
and J. W. G. Porter, Nutrition Abstr. Rev. 
23, 473 (1953)) than those used by Coates 
and co-workers. 

Studies of the intestinal tract might also 
be made with birds housed in quarters where 
the growth response to antibiotic-supple- 
mented feeds is no longer apparent. The 
work of D. A. Libby and P. J. Schaible 
(Science 121, 733 (19545)) indicates that after 
an antibiotic-supplemented feed has been 
used in the same quarters for three or four 
years, the birds receiving the unsupple- 
mented ration grow as well as those on the 
antibiotic-containing ration. Over the three- 
or four-year period there was a gradual 
increase in the weight gain of the unsup- 
plemented birds. It would be advisable to 
ascertain whether the similarity of the 
weight gains of the supplemented and 


control chicks is associated with a simi- 
larity of the intestinal walls. 

Finally, the work might be extended to 
other species that show a growth response 
to dietary antibiotics. 
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The above suggestions should be con- 
sidered as leads for future work in an area 
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that has been opened up by the important 
observations of Coates and her co-workers. 


NUTRITIONAL STATE AND CHOLESTEROGENESIS 


Recently B. B. Migicovsky (Canad. J. 
Biochem. Physiol. 33, 135 (1955); Nutrition 
Reviews 13, 310 (1955)) reported that 
homogenates of livers from starved or 
vitamin A-deficient rats could not bring 
about incorporation of acetate-1-C™ into 
cholesterol and also caused inhibition of 
cholesterol formation when added to similar 
homogenates from normal rats. 

Inacontinuation of this research, B. B. Mi- 
gicovsky and J. D. Wood (Canad. J: Biochem. 
Physiol. 33, 858 (1955)) fractionated homo- 
genates from livers of normal (N) and starved 
(S) rats. After the cell debris had been re- 
moved by low speed centrifugation, a fraction 
termed Residue 1 (presumably the mito- 
chondrial fraction) was obtained by cen- 
trifugation at 600 to 9000 X g. Residue 2 
(presumably the microsomal fraction) was 
obtained by centrifugation at 9000 to 140,000 
x g. The supernate, which did not sediment 
at 140,000 XX g, was also used. Neither 
residue from normal rat livers (N-1 or 
N-2) was active in cholesterol synthesis 
unless it was first combined with supernate, 
which was also inactive alone; in combina- 
tion with supernate, Residues 1 and 2 were 
about equally active. As had been shown 
previously, both S residues were inactive 
with either supernate. Similarly, a combina- 
tion of N residue with S supernate had 
lowered ability to synthesize cholesterol 
from acetate, a fact which seems at variance 
with separate experiments showing the 
inhibitory action to reside in the residue. 
As might be expected from previous informa- 
tion that the liver is the site both of syn- 
thesis and of degradation (probably partial) 
of cholesterol (R. G. Gould, Am. J. Med. 
11, 209 (1951)) both the N and § residues 
degraded prelabeled cholesterol (20 to 40 
per cent in one and one-half hours under the 
experimental conditions employed). The 
authors state, however, that this degradative 
action is not responsible for their observed 


results, which stem from a true inhibi- 
tion of synthesis by a factor in the starved 
liver. 

It is unfortunate that several unexplained 
discrepant results complicate the conclu- 
sions. For instance, although preincubation 
of N supernate with S residue had little 
effect on its subsequent synthetic ability, N 
residue partially blocked the ability of N 
supernate to activate a second sample of N 
residue. 

The nutritional factors influencing cho- 
lesterol synthesis both in vivo and in vitro 
have been studied and compared with 
similar information for fatty acid synthesis. 
Starvation or caloric restriction reduces or 
abolishes the in vitro synthesis by liver slices 
of fatty acids (G. Medes, A. Thomas, and S. 
Weinhouse, J. Biol. Chem. 197, 181 (1952); 
I. Lyon, M. 8. Masri, and I. L. Chaikoff, 
Ibid. 196, 25 (1952)) and of cholesterol 
(G. M. Tomkins and Chaikoff, bid. 196, 
569 (1952); Nutrition Reviews 10, 346 
(1952)). However, the depressing effect of 
starvation is reduced in the case of fatty 
acid synthesis by carbohydrate feeding prior 
to killing the animals, and in the case of 
cholesterol synthesis by carbohydrate, fat, 
or protein feeding (Tomkins and Chaikoff, 
loc. cit.). Furthermore, the nutritional state 
of the animal prior to fasting is important 
(J. E. Whitney and 8S. Roberts, Am. J. 
Physiol. 181, 446 (1955)). A high fat diet 
restricts the hepatic synthesis of fatty acids 
but not of cholesterol, while a high cho- 
lesterol diet has the opposite effect (R. G. 
Gould and co-workers, J. Biol. Chem. 201, 
519 (1953)). Despite the logical and desirable 
results of such regulation for the body 
economy, the mechanisms by which they 
operate remain obscure. It may be hoped 
that studies of cell-free preparations such 
as those by Migicovsky and Wood may lead 
to elucidation of this complex and important 
problem. 
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NUTRITION IN GASTRIC SURGERY 


Peptic ulcer continues to be a frequent 
and important medical problem. Although 
most patients with peptic ulcer can be 
managed satisfactorily by nonoperative 
means, such as diet, antacids, antispas- 
modics and limited psychotherapy, a certain 
number require surgical treatment. At 
present, gastric resection, gastric resection 
with vagotomy, and vagotomy with gastro- 
enterostomy are most commonly employed. 

One of the complications occasionally 
seen in peptic ulcer patients treated sur- 
gically is loss of weight in the early post- 
operative months and inability to gain 
weight thereafter. The frequency with 
which this complication occurs varies. It 
appears to be related to the nutritional 
status of the patient at the time of opera- 
tion and also to the type of surgical pro- 
cedure performed. In general, postoperative 
malnutrition is most prominent in those 
patients who have had the largest amount 
of stomach removed. Occasionally, a pa- 
tient has enough severe postoperative 
nutritional problems to evoke the descrip- 
tion “gastric cripple.” 

Several mechanisms have been suggested 
to explain the postoperative malnutrition of 
such ulcer patients. A certain amount of 
distress following eating is not uncommon 
in these individuals, thus leading to a 
diminished food intake. Rapid gastric 
emptying time and rapid transit time are 
often seen in such patients. This in turn 
may lead to improper mixing of the gastric, 
biliary and pancreatic secretions with the 
food. In addition, there may be, in some 
instances, a diminished secretion of the 
biliary and pancreatic juices into the gut. 
As might be anticipated, impaired digestion 
and absorption of certain foodstuffs, par- 
ticularly fats and protein, have been de- 
scribed in such patients. Usually, impair- 
ment of fat digestion and absorption is 
greater than that of protein. 

H. Javid (Surgery 38, 641 (1955)) has 


recently studied the fecal fat and nitrogen 
excretions of 31 dogs with partial gastrec- 
tomy, gastroenterostomy, vagotomy, gastrec- 
tomy and vagotomy, or gastroenterostom) 
with vagotomy. The dogs were mongrels 
(sex and age not stated) in good health 
prior to operation, and were given daily 
diets which provided 80 calories per kilogram 
of body weight. Fat supplied about 40 per 
cent of the calories, protein about 25 per 
cent, and carbohydrate, 35 per cent. During 
a two-week control period, the fecal fat 
amounted, on the average, to 5.04 per cent 
of the fat intake. The range in fecal excre- 
tion, however, varied from 1.6 to 22.7 per 
cent. (Unfortunately, the standard devia- 
tion, or some similar measurement of 
spread, is not given.) Fecal nitrogen during 
this time ranged from 1.6 to 35 per cent 
of the intake, with an average of 13.6 per 
cent. Following the two-week control 
observations, the dogs were divided (method 
of division not stated) into five groups 
and subjected to one of the operative pro- 
cedures mentioned above. After a_post- 
operative period of six weeks to six months 
the dogs were studied metabolically for 
another two-week period. 

Partial gastrectomy was carried out in 6 
dogs, the distal two thirds of the stomach 
being removed in each instance. The entire 
cut end of the stomach was anastomosed 
to the jejunum, the duodenal stump being 
closed. After complete recovery from the 
operation (criteria of recovery and time 
postoperatively are not stated), the meta- 
bolic studies were repeated. The fecal fat 
excretion rose, on the average, from a pre- 
operative value of 4.5 per cent of ingested 
fat to 17.1 per cent; the average fecal 
nitrogen rose from 14.9 per cent to 26.2 
per cent. These differences were statistically 
significant (P < 0.01). 

Supradiaphragmatic section of the vagus 
nerve was performed on 6 other dogs. The 
metabolic studies were repeated six weeks 
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after operation. The completeness of the 
vagus sections was judged by the hydro- 
chlorie acid production response to injected 
insulin. There was no statistically signifi- 
cant change in fecal fat or nitrogen excre- 
tion by these animals at this time as com- 
pared with their preoperative behavior 
(P > 0.02). 

In 6 other dogs, in addition to vagotomy 
a posterior gastrojejunostomy was _per- 
formed after the pyloric region was 
transected and the two cut ends were 
closed separately. This latter procedure 
was done to simulate the situation of pyloric 
obstruction in certain ulcer patients in 
whom vagotomy and gastroenterostomy are 
ordinarily performed. No statistically sig- 
nificant increase occurred in fecal nitrogen 
excretion, but there was a significant rise 
in fecal fat excretion, from an average of 
5.9 per cent preoperatively to an average 
of 16.2 per cent postoperatively. 

Six dogs were subjected to gastroenter- 
ostomy alone. Fecal fat and nitrogen ex- 
cretions were unchanged in these animals. 

In 6 dogs, a two-thirds partial gastrec- 
tomy was done and at the same time a 
vagotomy. Both fecal fat and fecal nitrogen 
excretions increased, fecal fat to an average 
of 32.1 per cent and fecal nitrogen to 31.5 
per cent. These averages are considerably 
higher than those seen in any other groups. 
Data are not included as to whether these 
increases are statistically significantly higher 
than those observed in the dogs with gas- 
trectomy alone. 

These experiments of Javid indicate 
that in dogs normal preoperatively, fecal 
fat and nitrogen excretion are not interfered 
with by either vagotomy or gastroenteros- 
tomy alone; that definite increase in fecal 
fat and nitrogen loss follows removal of 
two thirds of the stomach with closure of 
the duodenal stump and _ gastrojejunal 
anastomosis; and that vagotomy adds 
further to the interference by partial 
gastrectomy. 

The increase in fecal fat excretion after 
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the two-thirds gastrectomy noted by Javid 
is considerably greater than that seen by 
R. B. Welbourn, G. A. Hallenbeck, and 
J. L. Bollman (Gastroenterology 23, 441 
(1953); Nutrition Reviews 11, 340 (1958)) 
in dogs which had undergone similar opera- 
tions. These latter investigators reported 
an increase in fecal fat from a preoperative 
average of 2.7 per cent to a postoperative 
average of 5.2 per cent in 6 dogs subjected 
to a 50 to 70 per cent partial gastrectomy 
and gastrojejunostomy. It should be noted 
that the controlled feeding and collection 
periods employed by Welbourn and his 
associates were considerably shorter than 
those used by Javid. Also, Javid’s dogs 
received a diet providing about 4 g. of fat 
per kilogram of body weight while Wel- 
bourn’s were fed about 8 g. The time that 
elapsed between operations and performance 
of the tests in the series of Welbourn e¢ al. 
varied from a few weeks to two years and 
the authors state that this time had no ap- 
parent effect on the fecal fat excretion. 
Welbourn and his associates measured 
hydrolyzable fats in the feces, while Javid 
presumably measured total lipids. 

Welbourn and his co-workers noted even 
less increase in fecal fat loss in 6 dogs sub- 
jected to partial gastrectomy, but in which 
the cut end of the stomach was anastomosed 
to the duodenal stump rather than to the 
jejunum. Some of their dogs which previ- 
ously had had partial gastrectomies were 
vagotomized. Adequate studies could be 
obtained in only 2 of these dogs because 
severe vomiting occurred postoperatively in 
the others. No change in fecal fat excretion 
occurred in the dog which had a partial 
gastrectomy and gastrojejunostomy, but 
some increase in fecal fat loss occurred in a 
dog with a partial gastrectomy and gastro- 
duodenostomy. Dogs with total gastrecto- 
mies lost much more fecal fat than did 
those with partial gastrectomies. 

Like Javid, Welbourn and his colleagues 
observed no effect of vagotomy on fecal 
fat excretion in 4 dogs operated on three 
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years earlier and in 2 dogs with gastroenter- 
ostomies. However, one of their gastro- 
enterostomized dogs had a markedly in- 
creased fecal fat excretion which returned 
to normal when the gastroenterostomy was 
closed and the normal gastrointestinal 
route was re-established. 


[March 


Experimental studies of the type de- 
scribed by these investigators provide useful 
information in regard to our basic knowl- 
edge of gastrointestinal function, as well as 
being useful guides in patient management, 
though obviously clinical confirmation is 
required. 


SPECIFICITY OF PANCREATIC LIPASE 


The investigations of A. C. Frazer 
(Physiol. Rev. 26, 103 (1946)), who sug- 
gested that complete hydrolysis of fats 
before absorption was unnecessary, and of 
R. Reiser, M. J. Bryson, M. J. Carr, and 
K. A. Kuiken (/. Biol. Chem. 194, 131 
(1952)), who calculated that triglycerides 
were absorbed largely after partial hydrol- 
ysis to monoglycerides, evoked widespread 
interest in the possibility that the action 
of pancreatic lipase is much more specific 
than had been assumed. 

F. H. Mattson, J. H. Benedict, J. B. 
Martin, and L. W. Beck (J. Nutrition 48, 
335 (1952)) demonstrated that in the 
intestinal tract hydrolysis of triglycerides 
proceeded predominantly through the 
2-monoglycerides, presumably via the 1,2- 
diglycerides. 13. Borgstrom (Acta chem. 
Scandinav. 7, 557 (1953)), investigating 
the action of pancreatic lipase in vitro, 
arrived at the same conclusions. However, 
since Mattson and co-workers did not 
actually demonstrate the presence of the 
1 ,2-diglyceride and since the monoglyceride 
formed in Borgstrom’s in vitro experiments 
contained 20 per cent of 1-monoglyceride, 
several questions remained to be answered. 

Recently, F. H. Mattson and L. W. 
Beck (J. Biol. Chem. 214, 115 (1955)) have 
carried out a thorough investigation of the 
in vitro hydrolysis. The triglyceride (usu- 
ally cottonseed oil) was treated in buffer 
solution with bile salts and steapsin, after 
which the lipids were removed and analyzed. 
Free fatty acids, 1- and 2-monoglycerides 
and free glycerol were determined by stand- 


ard procedures. In some cases monoglycer- 
ides and diglycerides were separated and 
isolated by solvent partition. In one experi- 
ment, hydrolysis of 2-oleoyl dipalmitin for 
one-half hour gave 34 per cent fatty acid, 
17 per cent monoglyceride, 33 per cent 
diglyceride and 16 per cent triglyceride. 
Analysis of the iodine numbers of these 
products revealed that more than 90 per 
cent of the free fatty acid was palmitic 
acid, the monoglyceride was mainly mono- 
olein, and the diglyceride, oleoyl palmitin. 
These results could be interpreted only to 
mean that the course of hydrolysis was 
2-oleoyl dipalmitin -—> 2-oleoyl-1-mono- 
palmitin — 2-monoolein. The  1-mono- 
glyceride always found in the hydrolysis 
products could thus have arisen only by 
isomerization of 2-monoolein. Mattson and 
Beck considered two causes for the low 
rate of hydrolysis of monoglycerides to 
fatty acid and glycerol. First, if pancreatic 
lipase is specific for primary hydroxy! 
groups, the 2-monoglyceride formed during 
digestion could be attacked only after 
isomerization to the 1-isomer. This is 
probably a slow reaction under normal 
conditions of digestion. Second, the different 
physical properties of the monoglycerides 
might account for a different rate of hydrol- 
ysis. In this connection, rate studies were 
performed for the hydrolysis of triglycerides 
and diglycerides. The former reaction 


appeared to be a pseudomonomolecular 
reaction, as would be expected, while the 
latter was indicated to be zero order through- 
out most of its course. The possibility was 
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suggested that separate enzymes were in- 
volved in the two stages of hydrolysis. 
The hydrolysis of the monoglyceride did 
not proceed far enough to be measured 
during the time studied. 

The evidence appears good for the assign- 
ment of pancreatic lipase to a role in 
liberating the primary alcoholic groups of 
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glycerol, thus clearing up a good deal of 
the mystery surrounding previous studies 
on the limited digestion of fats. It is further 
evident that the prevalence of monoglycer- 
ides in the intestine following ordinary 
digestion processes makes unnecessary any 
concern over their use as food additives, 
as in certain baking processes. 


NUTRITIONAL REQUIREMENTS OF ISOLATED MAMMALIAN CELLS 


When one examines the history of the 
science of experimental nutrition certain 
trends become apparent. The early studies 
were concerned with gross effects of de- 
ficiencies. The most frequent observation 
made was the effect of changes in the diet 
on the growth of the animal. Today, experi- 
mental nutritionists are more concerned 
with the effects of nutrients on the cell. 
This cell may be a microorganism or a 
mammalian cell; in the latter case the 
experimenter is frequently concerned with 
enzymatic changes. 

It is a well known fact that a nutritional 
deficiency may more or less specifically 
affect a particular tissue of an animal. 
This would indicate that the cells of different 
tissues may have different nutritional re- 
quirements. Knowledge of the nutritional 
requirements of specific mammalian tissue 
cells could have important applications. 
It could conceivably permit more judicious 
dietary treatment of disease by tailoring the 
diet to the optimum arrangement of 
nutrients for the particular diseased tissue. 
Many other potential applications could be 
mentioned, as for example the development 
of new antimetabolites for the treatment of 
cancer or virus infections. 

Progress has been made in the study of 
nutritional requirements of mammalian 
cells in tissue culture (Nutrition Reviews 
13, 344 (1955)). The recent report of H. 
Eagle (Science 122, 501 (1955)) is an ex- 
tension of this work. Two types of cells were 


cultivated under in vitro conditions, a 
human uterine carcinoma cell and a mouse 
fibroblast. These cells were grown in a 
semisynthetic medium. The optimum me- 
dium contained acids, 
salts, carbohydrate, and dialyzed horse or 
human blood serum. Under these conditions 
the cells would multiply. The specific amino 
acid, vitamin, carbohydrate and salt re- 
quirements were then determined. 

It was found that 13 amino acids were 
required by both cells. These were arginine, 
cystine or cysteine, glutamine, histidine, 
isoleucine, leucine, lysine, methionine, 
phenylalanine, threonine, tryptophan, tyro- 
sine and valine. This list includes the 10 
amino acids required by the growing rat and 
in addition glutamine, cystine and tyrosine. 
Omission of any one of these amino acids 
from the culture medium resulted in death 
of the cells. 

Several vitamins were found to be neces- 
sary for the cells. These were choline, folacin, 
niacinamide, pantothenate, pyridoxal, ribo- 
flavin and thiamine. The coenzyme form of 
the vitamin could substitute in all the cases 
studied, for example, coenzyme A _ for 
pantothenic acid, cocarboxylase for thiamine, 
etc. It is of interest that none of the fat- 
soluble vitamins was required by the iso- 
lated cells. 

Glucose was found to be the most effective 
carbohydrate source, although galactose, 
mannose, or maltose at higher concentration 
would suffice. 


amino vitamins, 





90 NUTRITION REVIEWS 


The ions demonstrated to be required by 
the cells were Na+, K+, Mg++, Cat+, Cl-, 
and H.PO,- ~. 

The serum protein requirement presents a 
problem for further study. It is possible 
that it supplies as yet unidentified factors 
required by the cells, or it may be related 
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to colloidal 
permeability. 

These experiments again emphasize that 
it is technically feasible to study the nutri- 
tional requirements of isolated mammalian 
cells. Such studies may open up a wide 
field of nutritional research. 


phenomena and membrane 


CALORIC RESTRICTION AND HAIR GROWTH 


The importance of the nutritional state 
of the animal in supporting skin and hair 
growth is emphasized in the investigations 
by L. A. Loewenthal and W. Montagna 
(J. Invest. Dermat. 24, 429 (1955)). In these 
experiments female Cs; black mice about 6 
weeks old were stimulated to regenerate hair 
follicles by plucking the club hairs on the 
left side of the back. Pairs of animals were 
placed on a restricted ration of 1.5 g. of 
ground laboratory chow on the day of 
plucking and at frequent intervals thereafter. 
The skin was biopsied twenty-one days after 
the hair had been removed. At this time 
one mouse of each pair was returned to an 
ad libitum ration while the other remained on 
the restricted ration for an additional month. 

The most severe depression of hair growth 
was seen in the pair of mice placed on caloric 
restriction on the day the hairs were re- 
moved. Histologic study of the skin biopsies 
of this pair demonstrated inactive hair 
follicles, small sebaceous glands and greatly 
diminished lipid depots after twenty-one 
days. The hair growth of the mice placed on 
caloric restriction at intervals after the hair 
had been plucked showed retarded growth 
which was not nearly so severe. 


The observations of Loewenthal and 
Montagna suggest that in starvation there is 
insufficient nutrient available to the skin to 
provide energy to initiate mitotic activity in 
the hair follicle. A reduction in the fat cells 
of the skin was correlated with retardation 
in hair growth when caloric restriction was 
initiated before the follicle had redeveloped. 
Caloric restriction initiated after the follicle 
had regenerated had little effect on hair 
growth. The importance of histologically de- 
monstrable glycogen in fat cells which are 
either mobilizing or storing lipid is empha- 
sized by the constant finding of glycogen in 
the cells of the panniculus adiposus in these 
undernourished mice. Glycogen is _ not 
normally seen in these fat cells and has 
heretofore been associated with the active 
storage of lipid (EK. Tuerkischer and E. 
Wertheimer, J. Physiol. 100, 385 (1942)). 

This study illustrates the importance of 
the fat cells of the skin in supporting the 
growth of the follicle and the importance of 
the state of the follicle in supporting hair 
growth. Further study of these relation- 
ships may aid in the understanding of 
idiopathic alopecia in man. 


FASTING, OXYGEN POISONING AND RADIATION INJURY 


The similarities of oxygen poisoning and 
radiation injury have been pointed out by 
R. Gerschman and co-workers (Science 
119, 623 (1954)). In an experiment designed 
to test the hypothesis that the two condi- 


tions are basically the same, mice were 
subjected to 8800 roentgens (r) of x-irradia- 
tion (fatal in about four days) and 6 
atmospheres of oxygen during irradiation 
and at two minutes, thirty minutes and 
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five hours after irradiation. Synergism of 
the oxygen poisoning and radiation injury 
was indicated by the fact that mice given 
the oxygen treatment during and two 
minutes after irradiation had significantly 
lower survival times (average thirty-nine 
minutes at the two-minute interval) than 
the unirradiated controls (average forty- 
nine minutes). As the time interval between 
irradiation and oxygen treatment increased 
to five hours, however, the synergistic ef- 
fect disappeared, and at intervals greater 
than five hours some protection against 
oxygen poisoning was noted. 

In a continuation of these experiments, 
these workers noted that as the interval 
between irradiation and oxygen poisoning 
increased to eighty-four hours, the animals, 
which had already begun to die from the 
effects of irradiation, survived at the in- 
creased oxygen pressure up to four times 
as long as the unirradiated controls (R. 
Gerschman, D. L. Gilbert, S. W. Nye, and 
W. O. Fenn, Proc. Soc. Exp. Biol. Med. 86, 
27 (1954)). Furthermore, there appeared to 
be much less lung damage in the irradiated 
animals. There was some suspicion that 
the effect of irradiation might actually be 
due to the well-known postirradiation 
anorexia, since J. A. Campbell (J. Physiol. 
89, 1/7P (19387)) and A. O. de Almeida 
(Compt. rend. Soc. de biol. 116, 1225 (1934)) 
had previously reported that long fasts 
protected animals against oxygen poisoning. 
To test this possibility, Gilbert, Gerschman, 
and Fenn (Am. J. Physiol. 181, 272 (1955)) 


REALIMENTATION 


The effects of malnutrition during early 
life upon the final adult size and perform- 
ance are of considerable interest. In dis- 
cussing the growth of farm animals L. A. 
Maynard (“Animal Nutrition,” McGraw- 
Hill Co., New York (1947)) remarks, “The 
view is commonly expressed that any 
marked retardation is definitely undesirable. 
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subjected mice to three types of treatment 
—fasting, irradiation, and fasting plus ir- 
radiation—before measuring their survival 
time under 6 atmospheres of oxygen. The 
longest time interval between the pretreat- 
ment and the oxygen survival test was 
eighty-four hours, when the experimental 
animals had survival times in oxygen in 
excess of three times as long as did the 
controls. Furthermore, there were no sig- 
nificant differences among the three groups, 
thus indicating that the protective effect of 
irradiation was largely due to anorexia. 

It is interesting that animals almost dead 
from irradiation injury should have such 
resistance to oxygen poisoning. However, 
Campbell (loc. cit.) demonstrated that 
lowered body temperature was even more 
effective than starvation as a protective 
measure. It is possible, therefore, that the 
irradiated mice used in these experiments 
had the lowered respiratory rate, metabolic 
rate and body temperature associated with 
the state of starvation, and that the protec- 
tive effect noted actually came from these 
causes. 

The authors suggest, finally, that if 
oxygen poisoning and irradiation injury 
are actually similar, starvation might also 
show a protective action for the latter. It is 
certainly true that the long periods of 
starvation necessary for protection have not 
been reported in this connection. Experi- 
ments of this type are indicated for studies 
of both theoretic and practical aspects of 
the effects of diet on radiation injury. 


OF STUNTED RATS 


This may be true, but experiments have 
shown that underfeeding may prolong the 
growth period without affecting the ultimate 
size.”’ The classic studies of C. M. McCay 
and his co-workers (McCay, M. F. Crowell, 
and Maynard, J. Nutrition 10, 63 (1935); 
McCay, Maynard, G. Sperling, and L. L. 
Barnes, Jbid. 18, 1 (1939)) have demon- 
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strated the marked capacity for growth in 
animals stunted for a long period of time 
by partial starvation, but as the stunting 
period is prolonged the maximum adult 
size is gradually reduced. 

In these studies and most others which 
have been reported (C. M. Jackson, ‘“The 
Effects of Inanition and Malnutrition Upon 
Growth and Structure,” P. Blakiston’s Son 
and Co., Philadelphia (1925)) the retardation 
in growth has been caused by restriction 
of food intake. Little information is avail- 
able upon the effects of dietary deficiencies 
of specific nutrients, particularly during 
pregnancy and infancy, on the ultimate 
size and performance of the adult animal. 
In a continuation of earlier work on the 
reproductive performance of rats fed diets 
containing only amino acids as the source of 
protein (Nutrition Reviews 13, 314 (1955)), 
M. O. Schultze (J. Nutrition 56, 25 (1955)) 
has described the subsequent performance 
of the young when they were transferred 
to adequate diets. 

The young born from mothers which 
received the amino acid rations during 
pregnancy and lactation were very small. 
The weaning weight at 4 weeks of age was 
between 20 and 30 g. whereas the animals 
which received the adequate rations weaned 
animals of 40 g. weight at 3 weeks of age. 
After weaning, the young were then fed the 
adequate ration. During the subsequent six 
weeks these animals gained about 80 per 
cent as much weight as the normal young. 
Some of the male animals were continued 
under study for another six weeks and at 
this time the previously stunted young had 
gained 191 g. compared to 303 g. for the 
control animals. Although most of the 
studies were not continued longer, it ap- 
peared that the male animals attained a 
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stationary weight of about 250 g. The data 
thus indicate that stunting during early 
infancy not only reduced the rate of growth 
in the subsequent periods of adequate 
feeding, but also decreased the attainment 
of maximum weight. 

In some instances the stunted animals 
were continued upon the inadequate diets 
for twelve to sixteen weeks before they were 
transferred to the adequate ration. These 
animals gained about 24 g. the first week, 
but then grew very slowly and plateaued 
at about 230 g. in weight. These values 
compare to a normal weight in male ani- 
mals of approximately 450 g. in the same 
laboratory. 

A number of the females which had been 
realimented with the adequate diet were 
bred when they weighed about 150 g. to 
normal males. These animals conceived 
readily and, judged by number of litters, 
size of litters, mortality, and weight of the 
weanling animals, there were no differences 
in the reproductive performance from the 
norms established in the laboratory. The 
severe restrictions suffered during early life 
thus had had no apparent effect either on 
the capacity of the females to produce 
young nor upon the young of these animals 
insofar as they were studied. The studies 
were not continued beyond the first litter 
nor was the subsequent performance of the 
litters investigated. 

Although these studies are incomplete, 
they are of considerable interest. The pos- 
sibilities of cumulative effects of malnutri- 
tion in population groups over long periods 
of time have been subject to much com- 
ment but little serious investigation. In 
many cases the great ability of organisms 
to recover from malnutrition of various 
kinds is impressive. 


LOSS OF RESISTANCE TO INFECTION DURING PANTOTHENIC 
ACID DEFICIENCY 


Pantothenic acid is receiving increasing 
attention from investigators in several 


areas of research. Its function as a consti- 
tuent of coenzyme A is well known, and its 
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role in facilitating normal pregnancy in the 
rat has been demonstrated (Nutrition Re- 
views 18, 178 (1955)). W. B. Bean and R. 
E. Hodges (see Ibid. 13, 36 (1955); 14, 37 
(1956)) seem to have demonstrated changes 
suggestive of adrenal insufficiency in hu- 
man volunteer subjects who received a 
pantothenic acid antagonist. 

In an effort to evaluate the relationship 
between the duration of a pantothenic 
acid-deficient state and loss of normal 
immune mechanisms in the rat, J. Seronde, 
L. M. Zucker, and T. F. Zucker (J. Inf. 
Dis. 97, 35 (1955)) have extended their 
previous studies of the loss of species- 
determined natural resistance to Coryne- 
bacterium 197 in young rats maintained on 
a pantothenate-deficient diet for varying 
periods of time. 

These workers divided 105 rats from 16 
litters into 4 groups, each group being 
composed of approximately equal numbers 
of two strains of inbred rats. When weaned 
at 21 days of age, all groups were given 
deficient diets composed of the usual puri- 
fied components supplemented with ample 
quantities of all known vitamins except 
pantothenate; 1 or 2 rats from each litter, 
serving as diet controls, received 4 mg. of 
calcium pantothenate in each 100 g. of 
the standard diet. The 4 groups were then 
injected intraperitoneally with 0.15 ml. of 
a twenty-four-hour plain broth culture of 
Corynebacterium 197 after ten, twenty, 
thirty and forty days of dietary deficiency. 
All survivors were killed and autopsied 
twenty days after injection. 

Littermate, pantothenate-fed controls 
demonstrated the anticipated natural re- 
sistance to this strain of Corynebacterium. 
Results in the deficient rats clearly showed 
increasing susceptibility to Corynebacterium 
infection, in both strains of rats, the longer 
they remained on the pantothenate-deficient 
diet. However, there was a remarkable 
difference in the rate of development of sus- 
ceptibility between the two strains. The 
medium-sized rats of strain “13C”’ proved 
to be much more vulnerable to the bac- 
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terium than did the smaller rats of strain 
“9B.” Among the deficient rats of strain 
“13C,” fatal infections appeared after 
twenty days of dietary deficiency, and all 
of the “13C” rats which were inoculated 
after thirty days of pantothenate deficiency 
succumbed. In contrast, rats of strain 
“9B” inoculated after thirty days of defi- 
ciency all survived, and the first fatalities 
in this group occurred in the forty-day- 
deficient rats. 

Briefly noted in the report of this study 
are other observations of these pantothen- 
ate-deficient rats. Daily rectal temperatures 
failed to reveal significant variations until 
the individual rats were moribund. External 
signs of pantothenate deficiency were often 
negligible, and never severe. Varying 
amounts of brick-red porphyrin pigment 
appeared around the eyes and on the fur 
of the head. The animals gained weight 
in a nearly normal manner for the first 
ten days of deprivation; subsequently their 
weight curves flattened. There was no 
difference between the two strains of rats 
in respect to any of these observations. 

The authors conclude that young rats 
deprived of pantothenate gradually lose 
their natural species resistance to Coryne- 
bacterium 197, and that the dependence of 
this natural resistance upon pantothenate 
is influenced by the genetic constitution 
of the animals, in some unexplained way. 

This well-controlled 
phasizes the importance of the time factor 
in all experimental studies of nutritional 
deficiency, and may help to explain con- 
flicting results achieved in previous animal 
and human studies on the effects of mal- 
nutrition on antibody formation (Nutrition 
Reviews 13, 108 (1955)). Variation between 
strains of animals in their susceptibility 
to specific vitamin deficiency has also been 
demonstrated again. The hazards of in- 
ferring generally applicable nutritional prin- 
ciples from studies which have been limited 
either as to time or as to species of animal 
studied are clear. 


study again em- 
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VITAMIN DEFICIENCIES AND HEART ACTION 


It has been recognized for some time 
that a vitamin B-complex deficiency may 
give rise to degenerative changes in the 
heart. In particular, the disease of beriberi 
is characterized by cardiac symptoms 
(Nutrition Reviews 12, 162 (1954)), and 
recent studies have implicated thiamine as 
the basic deficiency involved (Ibid. 6, 110 
(1948); 12, 162 (1954)). The mechanisms by 
which the B-vitamins might affect the 
heart muscle specifically were poorly under- 
stood until the experiments of E. Biilbring 
and J. H. Burn (7. Physiol. 108, 508 (1949)), 
and 8. Briscoe and Burn (/bid. 126, 181 
(1954)) demonstrated that cardiac autom- 
atism may depend on intrinsic synthesis 
of acetylcholine. These experiments indi- 
cated first that acetylcholine synthesis is 
high in the actively beating heart but low 
in the stopped heart, and second that addi- 
tional acetylcholine renews and increases 
the stopped isolated heart beat but inhibits 
the action of the freshly beating heart. 

A. B. L. Beznaék and G. W. H. M. van 
Alphen (Canad. J. Biochem. Physiol. 33, 
867 (1955)) reasoned that if the autonomic 
impulse depends on acetylation of choline, 
systems for the production (containing 
thiamine pyrophosphate) and reaction (con- 
taining coenzyme A) of acetyl groups must 
be continuously available. Knowledge that 
thiamine deficiency results in a diminished 
thiamine pyrophosphate content of the 
tissues (M. Gruber, Biochim. et biophys. 
acta 9, 333 (1952)) and that pantothenic 
acid deficiency results in decreased tissue 
coenzyme A (R. E. Olson and N. O. Kap- 
lan, J. Biol. Chem. 175, 515 (1948); Nutri- 
tion Reviews 12, 146 (1954)), prompted 
Beznak and van Alphen to examine choline 
acetylation by preparations from hearts of 
thiamine- and pantothenic acid-deficient 
_ rats. 

Male Wistar rats were maintained for 
six months on diets which were adequate in 


all other respects but lacking thiamine, 
pantothenic acid, or both. When symptoms 
of vitamin deficiency became apparent, 
electrocardiograms were taken and _ the 
rats were then killed for enzyme studies. 
Choline acetylation by extracts of acetone- 
dried powders of hearts of these animals 
was measured using rectus abdominis 
muscle of the eserinized frog. 

The symptoms observed in the thiamine- 
deficient animals were torpidity, curved 
back and avoidance of movement, as would 
be expected. The pantothenic acid-deficient 
animals, however, grew almost normally and 
showed no definite deficiency symptoms. 
Furthermore, the animals deficient in both 
pantothenate and thiamine had retarded 
and attenuated thiamine deficiency symp- 
toms. Both the thiamine-deficient animals 
and the thiamine- and pantothenate-defi- 
cient animals became bradycardic, in 
twenty and fifty days, respectively, and 
showed other cardiac changes found in rats 
on a multideficient diet. The pantothenate- 
deficient animals were apparently normal 
in this respect as they were in their gross 
symptoms. Choline acetylation was appar- 
ently normal in all animals; no correlation 
could be made between this property and 
other deficiency symptoms. 

Despite the fact that negative results were 
obtained for the original hypothesis that 
the cardiac symptoms reputedly brought 
about by these vitamin deficiencies were 
directly caused by lowered ability to acety- 
late choline, an interesting contribution has 
been made. That pantothenic acid deficiency 
should attenuate the symptoms of thiamine 
deficiency is an unexpected result. The 
authors suggest that the former deficiency 
may bring about a cocarboxylase-sparing 
action which would be reflected in a lowered 
thiamine use. It is evident, however, that 
further study of the relationship of vitamin 
deficiencies to choline acetylation is needed. 
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NOTES 


Letter to the Editor 
Dear Sir: 


I should like to point out several errors 
in the statement on page 304 of your article 
“Zine Deficiency in Pigs,” Nutrition Reviews 
13, 303 (1955): “. .. zine has been found in 
the body associated with insulin, carbonic 
anhydrase and uricase, although no dis- 
turbance in carbohydrate metabolism or in 
the activity of the carbonic anhydrase or 
uricase in zinc-deficient rats has been 
observed.” 

(1) The evidence that zine is found 
associated with insulin in the body is 
tenuous at best (B. L. Vallee and M. D. 
Altschule, Physiol. Rev. 29, 370 (1949)). 
Various workers have designed experiments 
to establish the factual basis of the hypoth- 
esis, without being able to adduce conclusive 
proof. 

(2) Uricase is not a zinc enzyme and has 
not been thought to be one (C. G. Holmberg, 
Biochem. J. 33, 1901 (1939); E. Praetorius, 
Biochim. et biophys. acta 2, 590 (1948)). 
H. R. Mahler, H. Baum, and G. Hiibscher 
(Fed. Proc. 14, 249 (1955)) reported it to 
contain 550 micrograms of copper per gram 
of protein, however, and describe it as a 
copper enzyme. 

(3) E. Hove, C. A. Elvehjem, and E. B. 
Hart (Am. J. Physiol. 119, 768 (1937)) 
reported delayed and irregular glucose 
tolerance curves and disturbances of protein 
metabolism, as well as lowered pancreatic 
amylase and proteolytic activity, in zinc- 
deficient animals (Jbid. 124, 750 (1938)). 

(4) While no changes in uricase have been 
reported—one would not expect it, on the 
basis of paragraph (2)—the uric acid level 
in the blood of zinc-deficient rats was 
doubled, a metabolic alteration, reversible 
after restoration of normal zine intake 
(L. W. Wachtel, E. Hove, C. A. Elvehjem, 
and E. B. Hart, J. Biol. Chem. 138, 361 
(1941)). This metabolic change has not been 
explained. 


(5) Carboxypeptidase of pancreatic juice 
is a zinc enzyme (B. L. Vallee and H. 
Neurath, J. Am. Chem. Soc. 76, 5006 (1954)). 

(6) So is alcohol dehydrogenase (B. L. 
Vallee and F. L. Hoch, J. Am. Chem. Soc. 
77, 821 (1955); Proc. Nat. Acad. Sci. 41, 327 
(1955)). 

The sentence quoted does not appear to 
summarize our present knowledge of zinc 
metabolism very well. 

Bert L. VAuLuLer, M.D. 
Biophysics Research Laboratory of 
the Department of Medicine 


Harvard Medical School—Peter Bent 
Brigham Hospital 
Boston 15, Mass 
Organ Weights and Obesity 


The production of obesity by the injection 
of a single dose of goldthioglucose was re- 
ported by G. Brecher and 8. H. Waxler 
(Proc. Soc. Exp. Biol. Med. 70, 498 (1949)). 
The technic has found considerable use in 
studies on the metabolic alterations in 
obesity (see Nutrition Reviews 13, 15, 86 
(1955)). At autopsy the obese animals show 
enlargement of certain organs, thus raising 
the question whether the enlargement is due 
to the deposition of fat alone. Waxler and 
M. Enger (J. Nutrition 54, 209 (1954)) 
have investigated in some detail the changes 
in organ composition which accompany 
goldthioglucose obesity. 

Male C3;H mice, 5 months old, were in- 
jected with a single dose of goldthioglucose. 
A commercial stock ration and water were 
supplied ad libitum. These animals and 
suitable uninjected controls were killed 
when 9 months old. At this time the injected 
animals weighed from 46 to 55 g. while the 
controls weighed between 27 and 38 g. The 
weights (wet weight basis) of the liver, 
spleen, thymus and adrenals showed the 
following percentage increases in the obese 
animals: liver 45 per cent, spleen 52 per 
cent, thymus 41 per cent and adrenals 35 
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per cent. These changes are roughly of the 
same magnitude as the changes in body 
weight. Organ weight changes of lesser 
magnitude occurred in heart, lung and bone. 
The increase in organ weights of the obese 
mice was due only in part to greater fat 
content of these tissues. There was an in- 
crease in the nonwater, nonfat constituents 
of these organs. Only in the case of the liver 
did there seem to be any great influx of fat. 
Kidney, testes and brain showed no change 
in weight in the obese state. 

As a further control study, a group of 
obese mice received a limited supply of food 
until their weights had decreased to the 
level of uninjected controls of the same age. 
Organ weights of the reduced group were 
comparable to those of the controls. 

Waxler and Enger have provided one of 
several examples of mouse obesity in which 
the gain in weight is due only in part to ex- 
cessive fat deposition but is accompanied 
by gains in protein and ash, that is, by true 
growth. 


The Rowett Research Institute Papers 


Volume 11 (1955) of the Collected Papers 
(Summary and Subject Reviews) of the 
Rowett Research Institute has recently 
been issued and is a valuable guide to 
recent work by members of the scientific 
staff. Summaries of the past year’s work, 
based on some 76 papers, are given under 
the following headings: Methods, Micro- 
biology of Digestion, Conversion Products 
of Protein in the Rumen, Absorption, Move- 
ments of Ruminant Stomach, Animal Be- 
havior, Imbalance of Nutrients, Bracken 
Poisoning, Experimental Liver Necrosis, 
Metabolism of Fat, Pig Research, Lactation 
(in laboratory animals and dairy cattle), 
Economies in Feeding Nonruminants, Man, 
Reviews and General Articles. 

An interesting innovation is the inclusion 
of two subject reviews: “Absorption From 
the Alimentary Tract of Sheep” by A. T. 
Phillipson, and ‘Winter Keep” (winter 
feeding of livestock), edited by J. A. Crich- 
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ton. These are not summaries of the previous 
year’s work, but are short reviews of several 
years’ work done at the Institute. 

Copies of this useful publication cost 5 
shillings (70 cents) and may be obtained 
from the Reid Library, the Rowett Re- 
search Institute, Bucksburn, Aberdeen- 
shire, Scotland 


Recent Nutrition Books 


Barriers to Increased Consumption of Fluid 
Milk. A Special Report by The Nationa! 
Grange, Washington, D. C., January 
1955. Pp. 124. Printed in the United 
States by The Guinn Co., New York, N. Y. 

Casimir Funk... Pioneer in Vitamins and 
Hormones. Benjamin Harrow. Dodd, 
Mead & Company, New York, 1955. Pp. 
209. Price: $4.00. 

More and Better Foods ... From Today’s Pay 
Check. U. 8. Department of Agriculture 
Information Bulletin No. 138, Wash- 
ington, D. C. Pp. 48. Price: $.15. For sale 
by the Superintendent of Documents, 
U. 8. Government Printing Office, Wash- 
ington 25, D. C. 

Seurvy as a Skeletal Disease. H. J. Van 
Wersch (M. D., Heerlen, Netherlands). 
Dekker & Van De Vegt N.V., Utrecht. 
Pp. 365. Price: $7.30. 

The Chemical Industry Facts Book. 2d Edi- 
tion. Published by the Manufacturing 
Chemists’ Association, Inc., 1625 Eye 
Street, N.W., Washington 6, D. C. Pp. 
142. Single copy price: $1.00. Quantity 
prices quoted on request. 

The Effect of Sugar Supplements on Dental 
Caries in Children. J. D. King, May 
Mellanby, H. H. Stones, and H. N. Green. 
Medical Research Council, Special Report 
Series No. 288, Her Majesty’s Stationery 
Office, London, 1955. Pp. 55. Price: 4 
shillings net. 

A Handbook of Laboratory Animals. Prepared 
by the Institute of Animal Resources 

National Academy of Sciences—National 

Research Council Publication 317, Wash- 

ington, D. C. Pp. 77. Price: $1.25. 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by food and related manu- 
facturers in December, 1941, as a sincere expression of their interest in 
scientific progress and human health. The basic purposes of the Founda- 
tion are: (1) the development of a comprehensive program of fundamental 
research, providing basic information in the science of nutrition; and (2) 
the support of educational measures that will assist in making the science 
of nutrition effective in the lives of present and future generations. 


The publication of NUTRITION REVIEWS has been undertaken to 
enable professionally trained people to keep abreast of current progress 
and to have available an unbiased, authoritative review of the current 
research literature in the science of nutrition. 


The Editorial Staff has been carefully selected so that the publication 
will merit, in reasonable degree, the confidence of the medical profession 
and others who work directly with the public in the field of nutrition. The 
service provided by the publication is distinct from that of an abstract 
journal, a review for laymen, or an extensive scientific review. Since .the - 
reviews as originally prepared by a member of the Editorial Staff are fre- 
quently modified by special referees and may be further modified. by the 
Editorial Office in preparing final copy for the press, the Editorial Commit- 
tee feels that it is preferable not to affix the names of Editorial Staff mem- 
bers to individual reviews. There is thus a high degree of group responsi- 
bility on the part of the Editor and Associate Editors. 


Signed articles do not necessarily represent thesopinion of the Editorial 
Staff. 


A leaflet based on articles appearing currently in NUTRITION 
REVIEWS and entitled “Current Research in the Science of Nutrition” is 
distributed by The Nutrition Foundation each\month. The vocabulary of 
the leaflet is adapted for lay reading and the subject matter is restricted 
to clearly established findings of practical interest. Subscriptions should be 
sent to The Nutrition Foundation, Inc., 99 Park Ave., New York City. 
Rate $1.00 per year in the United States and Canada; $1.25 in other 
countries. 





